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1.0 INTRODUCTION

The hydraulic transient analysis (HYTRAN) computer program is intended

for use by designers with an interest in the detailed performance of an aircraft

hydraulic system or the response of a load, where the supply system is an

integral part of that response.

An aircraft hydraulic system is basically a power source connected to

several loads. Under steady state conditions, where only the putdp and fl'id

are moving, the flows and pressures at various points in the system caa be cal-

culated using non-time dependent formulae. However the unsteady flow conditions

which are more normal, cannot be analyzed using simple formulae. The pump is

basically a closed loop servo which has a time varying output and responds

continuously to system pressure changes. These changes propagate through the

System at the speed of sound in hydraulic oil, whicb is about 4000 ft/sec.

The system components respond to these pressure and flow changes, and to

external load and control disturbances.

The program simulates the complete system and calculates the value of all

the flows, pressures and state variables, throughout the system.

This allows the designer to study the dynamic response of any variable,

such as a check valve poppet position, an actuator piston velocity, the

I pump swash plate acceleration, etc., since all these variables are calculated

as part of the system simulation.

The program is composed of five basic parts, input, steady state calcula-

tion, line simulation, component simulation, and output.

The designer inputs data describing the lines, components and system

configuration. Since the simulation is only as good as the data, some of the

information required for components such as a pump, is very detailed.

1.0-i



4 Fortunately there are only a few components like this and often these

are common to many systems; e.g. DC-10 pumps are used on the 747, LlOll, and

A300.

The steady state section of the program balances the pressures and flows

in the system and calculates the initial values for all the system state vari-

ables. Once the initial values are established at zero time, the program

starts by calculating for a small change in time delta T, new flows and

pressures at the junction between the line segments.

The lines are divided into segments, the length of each segment being

greater than or equal to the velocity of sound in the line multiplied by the

time interval, delta T. There is a whole number of segments for each line.

If a calculated line length segment ends up longer than the line length,

the program will adjust the velocity of sound as required to achieve one

whole segment and continue to run. The percent error in the velocity of

sound used will be printed out.

Once the new pressures and flows have been established for the line

junction, the program calculates new values for the state variables of all

the components, and the flows and pressures at the junctions between the

components and the lines.

The program continues to march forward in time delta T intervals,

first calculating the line and then the component variables.

The output part of the program selects the variables that are required

as output or outp'it plots, at specified time steps, since it is not always

necessary to plot every value that was calculated. ,hen the program calcula-

"tions are completed, the output is then printed and plotted.

The controlling input to the system will usually be a sudden load demand

from a surface actuator or some similar load function. This is input as a

time dependent valve motion or input demand.

1.0-2



SI
The output is essentially a time history of selected system variables

which have been disturbed by the controlling input.

Since the program actually advances in discrete time steps, it can be

integrated into other simulations, if the cost of running can be tolerated.

This users manual describes how the program can be used, the method of

inputting data and the interpretation of the output. Volume 2 contains a

technical description of program, and the theory used in the calculations.

1.0-3



2,.0 TECHNICAL SUMMARY

The HYTRAN program is intended for use by engineers with different

interests. Some will be concerned with the performance of the hydraulic system

as a whole, whila others will be interested in the detailed performance of

individual components.

HYTRAN uses a building block approach which allows the programmer to

meet these needs by adding special component subroutines as required to the

existing component subroutine library.

The program is supported by a number of specialized utility routines,

which have been included to avoid program incompatibility with other

computer systems. In the development of HYTRAN, the emphasis was placed

on the performance of the hydraulic system as a whole, and its components are

considered only to the extent to which they affect the total system response.

The transient analysis is a digital simulation process, which treats

the fluid lines with distributed parameters, applying the concepts of wave

mechanics, and including the effects of nonlinear friction. The fluid line

equations are solved with the help of the method of characteristics. The

dynamic equations of the components are either algebraic or ordinary

differential equations. These form the boundary conditions of the lines

and are solved simultaneously with the associated line characteristic

equations. A numerical scheme is used to make the grid of characteristics

*• compatible with the integration techniques used by the components.

The input to the system is normally a valve motion, %:hich causes a

disturbance to propagate through the mathematical model. The OULput of

the program is the time histories of pressure and flows at any point in the

system and other variables of interest such as actuator positions.

2.0-1



In the simulation of the components, the precision of the model used will

depend upon its use. If the user is studying the dynamic stability of a pump

system, then an accurate model is reqkired. If, however, the user is studying

an actuator out at the end of the line system, the pump response could. be simu-

lated using a simpler model; hence saving some running costs. In a similar

manner, actuator friction has a significant effect on its small amplitude

response, but such friction is of little interest if the actuator is being

used as large demand load in the study of pump stability.

The dynamics of components such as pumps are very dependent on the

dynamic properties of the connecting lines and components; hence it is

important in simulations involving these components that an accurate system

simulation be used.

The results which are obtained from HYTRAN are solutions of the differential

and algebraic equations used to describe the system dynamics. The solutions

are obtained by methods of numerical analysis, such as Runge Kutta numerical

integration procedures, method of characteristics, and Lagrange interpolations.

They are, therefore, subject to the errors which are inherent in numerical

methods, but which can be kept small enough to be of no practical influence.

Of more importance than the numerical inaccuracies are the underlying assump-

tions and restrictions imposed upon the basic equations.

A digital simulation has been chosen because of some important advantages

over the simulation on an analog computer. These are, in particular, the

high accuracy in cinjunction with an almost unlimited memory capacity, the

difficulty of modeling wave phenomena on analog computers.
S

The numerical aspects of digital simulation are described in a variety of

textbooks. The concepts of the method of characteristic are explained in

Appendix A and in more general terms in the description of the line subroutine.

2.0-2



3.0 GENERAL DESCRIPTION

The program requires a detailed description of the system conditions,

lines, components, the output data required and the system layout.

The system to be investigated must be carefully described in block diagram

form before the data input cards can be produced. (See Figure 3.0-1).

The elements which make up the system are split into two groups, linesI (including hoses) and components.

The lines are numbered sequentially, and have designated upstream and

downstream ends. For simplicity this should follow a reasonable sequence,

through the system. One line number can be used to represent any number of

lines in series provided the diameter, wall thickness and modulus of elasticity

(or effective bulk modulus if a hose) of each line are identical.

The components which include line junctions or branches are then num-

bered as a separate sequence. Both sequences start at #1 and there should be

no missing numbers.

Once the lines and components have been numbered, the next job is to

assign numbers to the points or nodes at which the flow divides or combines

* ;under steady state flow conditions.

* •'Node #1 is usually assigned to the pump or flow source. If the system

; has two pumps, the second pump is Node #2, and so on. See Section 7.0 for a

description of special case nodes. Once the nodes are all numbered, the legs

or flow paths between nodes, are then numbered until all the flow paths between

nodes are accounted for.

v 3.0-1
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The system should now have numbers assigned to all lines, components, nodes

and legs. Also, component connection numbers and leg flow direction should be

noted so that the proper line number and flow sign can be assigned to each

specific component connection.

The preparation of the input data for each of these groups is iescribed

in the following paragraphs.

5.0 Line Data

6.0 Component Data

7.0 System Arrangement Data

8.0 Output Requirements Data

This data is needed for all system simulations and the rules for the

input should be followed carefully to avoid rejected runs.

It should be noted that the current maximum number of lines (MNLINE),

components (MNEL), legs (MNLEG), nodes (MNNODE), plots (MNPLOT) and line points

(MNLPTS) that can be input are established in BLOCK DATA. Hence, BLOCK DATA

must be changed if any of these maximums values are exceeded when inputting

a system.

- --. • 3.0-2
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EXAMPLE SYSTEM o .... 10
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Description of Figure 3.0-1

Figure 3.0-1 shows a simple hydraulic system utilizing lines and

different types of components currently included in the program. This system

illustrates how lines, components, connections, legs and nodes are numbered.

As an aid, the integer data shown on the following example data cards have

been input to reflect this system where applicable.

1. Symbol Definition

Sy2bol Description

NXX Node number XX

CYY Component number YY

2. Assignment of Leg Numbers

Once node points are established, leg numbers are set up to represent

component(s) and/or line(s) between nodes as follows.

Leg No. Leg GoessFrom

1 Nl to N2

2 N2 to N3

3 N3 to N4
4 N4 to N5

5 N5 to N8

6 N3 to N6
7 N6 to N13

8 N13 to N7

9 N7 to N8
10 N8 to N9
11 Nl to N9
12 N9 to *NlO
13 N10 to Nl
14 *Nil to N2

15 N2 to N12

*Type 62 reservoir is unique in that its two nodes don't require a

connecting le6.



4.0 CONTROL DATA

4.1 GENERAL CONTROL DATA

This group includes three cards which set up the program title, time

intervals, fluid temperature and type, number of lines and components and

pressures.

Card 1 - This card inputs the program title. A maximum of 80 alphameric

characters can be used in the title starting at card column 1.

Example Card:

1 i c M T4 T T-Hfl i *WI 1 - L

Ai .1ý 71 23232435t 6 2 I ? 2930 3 13 3 '53 '536 IT ',h 7J4 414 344 ý 7

on ve on on a 0 , oo: a a oa un o 3 c5 a oa q in, n o an a a o P a a o:o a o c a aan a' a 20 n3a 00 00 Oni 0 G an

21 .. . . . . !2o .. .. 67 M . 0i V 3 ýN i!i 1a 7 11 5a 1 , . . .. t o , ... ý1 t.. ... al I S,. . ii ... .. 61 I T.. . . . . . .. . . . . ... . . I ...... ... .. . . . . ... ..

2 : 2 22 2 2 2 2! 2 222 22 22 2 2 222 22 2 22 72 2 2 2 2722 2 '2 2 2 2 2 2 2 2 2 2 2 ?2 2 2' 2 '~ ~ 33: , 'ss: s s i~ 3 ' 23

I I

3 3 33 3'3 33331223 3 3!312 3 3',313 3:333 3 313 33 333 3 13 1 3 31 3"3 3323332 1322223' 3 3 3!33 2~'1' 33 323 333

4!' l ,414 4 44 444A4 41:444 4 4 414 4 413i 4 4; 4 4 13 ~ 34 4, 4 4 4!4 444 4A44 44 '4 44 4414 4 4 4

111 53 5 , 5 5 33. 5 5 'I s(3 53 3 32 i. ý: 5 32 7 3! i5 33 ý V i5 51 .25*s 5 25 s5 5~ '5 5 5 55 "'5 0 5 ' 5 5:5 5 2 5 7 5 ¶ 35 33 5 "55

I I
6 656556 6ýE 6 6 6 6 6 6tG66 £6 6 2222655 57 56 ' I' q5 5656 E6 6G5 6 5 5 G; F, 6 66ý655S6 611 6 G6 6:5 66S60

MCEDONNELL AUTOM4TION COM.,4,1'J :

7 a a 1 17 1 1 132 13 337 13 31 1 21 ' 1 F '7 3 1 7 7 1 7

8a 5S 8O SIB 058 a* B aý a s8 F333l3 a ia 21 8I as san a8 8 B~ 0 5 8

3 :3 n ?1 75 ?$ '1 s 53 3 3333 3573 32 I 3 132 33 7 34 31 IS :' A5 las 0 ' V 3 Q 11 5 -1 Is 5! 0 s 1 32 a7 3 2 ii35 0 ' 26351 V ~ 3t 02 H

Card 2 - This card inputs data for the calculation time interval used as the

main program time step, the final time which is the time at which the calculation

stops, the plotting time interval and fluid temperature.

To keep the program from adjusting the speed of sound, the following

formula should be used as a guide for establishing the calculation time interval

shortest line length in system >
calculation time interval = 60,000

4.0-1 __ _ _ _ _ _ _ _ _ _ _ _ _



The plotting time interval is selected to suit the output device, the

minimum being the calculation time interval. The actual value is usually

chosen to give 101 plotted points (i.e. = final time 1 100 or N times the

calculation time interval so that every Nth calculated point is plotted).

The max system temperature is to be input along with an optional

fluid temperature increment. The temperature increment allows a system to

be run with each element at any one of 10 different temperatures. Once a

temperature increment is selected, the program calculates and stores fluid

properties for 10 equally spaced (by temperature increment) temperatures

starting with max temperature and decending to lower temperature.

If columns 41 through 50 are left blank, the entire system will be

run at maximum temperature.

If a temperature increment is input, specific element temperatures can

then be input in columns 79 through 80 of component Card 1 and columns 39

through 40 of line cards. These temperatures are coded and are input as

positive or negative values to indicate whether the element is on the supply

or return side of the system, respectively (see chart below). If an element

is referenced to both sides of the system (i.e., pumps, bootstrap reservoirs,

etc.), either a positive or negative value may be input. If the temperature

pressure code is omitted, the fluid properties for that particular element

will be evaulated using maximum fluid temperature and maximum pressure.

4.0-2
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ELEMENT TEMPERATURE/PRESSURE CODE

INPUT VALUE

MAX PRESS MIN PRESS

MAX TEMPERATURE 1 -1

MAX TEMP TEMP INCREMENT 2-

MAX TEMP -2* TEMP INCREM ENT 3 -3

- 3* 4 -4

4* 5 -5

- 5* 6 -6

- 6* 7 -7

7* 8 -8

8* 9 -9

MAX TEMP- 9* TEMP INCREMENT 10 -10

-'-



CARD NUMBER 2

1 COLUMN FORMAT DATA DIMENSIONS

1-10 E1O.0 Calculation Time Interval, sec

11-20 E10.0 Final Time sec

21-30 E1O.O Plotting Time Interval sec

31-40 E1O.O Maximum Fluid Temperature OF

41-50 EIO.0 Fluid Temperature Increment OF

51-60 EIO.0 Maximum Pressure psia

61-70 ElO.0 Minimum Pressure psia

71-80 E1O.0 Atmospheric Pressure psia

EXAMPLE CARD

1 1 7 '1 1 I I ) I 1 11 1 t V I S .' P ' 1 iA w 61l 6 1 ' 1 1 I It.

2' 222222 2222222 222222 2 ' 22222 22 2 ; 2 2 72 ? 2 ,72 2772 2777 2277 7'? 2722V227 2 7

333 3 3 ] 3 233 3 333 3 3 3 3: 31 33 3 3 33 ;' , ' 3 ?1 31 3 1" 3 3 '3 1 ' 3 311 3 3 3)3 3 • !:'3 3 3 3 33 3 1 33.

4 444 1 J444 '4 1A 1 4 4'4 444 4,4 4 4441144 A44 4 44 4 4 444 44 4 4444,4 44 AI 414 444 11 14 4,4 4 444 4 4 4 4144 4 4 444 44
. I II :, !, 1,, ,6 1 :j . : ,z .t.i "• 1 1, i t 11 .. ý . 4- -1 , .* . ..

ý5 .. . . •5 • : 5 5 55 -5 55 555 5 5;5 ,5 5 5 5 1 5` 5 • 5i! sS5 is5 55555 5 55 5 5. 5 !,5 1 -5 , 555 5 5 5 S ''555 55

6 6:6566 6 6 6 15 6 CC6 6 656 6ý666 6 616 6 6I6 61966:' SE' F 1 6 656 G 666666 6$ 566 06 16 5. 5 56566 6 6 66C 66 666
A- ' D ,NNELL AUTOMATION (C'OPA4P'' A

- 1 1 18 1 7 1 1 81 a l Ii I I I 17 7 i 1 1 1 1 1 1 '1 8 , l 1 1 1 I 1 1 1K 1 t1 '

R 8 , 1

SI 9 9 9 9 9 q 9gq19 9 9 9 919 9 9 9 1 19 9 1,9 1 9 9 1 9 S 9 9 9 9 9



Card 3. This card inputs the total number of lines, the number of components,

fluid type number, optional fluid parameters (viscosity, density, bulk modulus

and vapor pressure). Note: If a vapor pressure is not input the program will

use a value of 2 psia. The fluid type number selects the fluid data to be

used from tabulated data stored in the program and adjusts the fluid properties

to the maximum and minimum pressures. The program is set up to run with either

of the following fluid types at any temperature from -65*F to 300'F:

Type #1 MIL-H-5606B
Type #2 MIL-H-83282
Type #3 Skydrol 500B

In addition, the user can input fluid data for any fluid (for the maximum

temperature specified on Card 2) by using a Type #0 and by inputting viscosity,

density, and bulk modulus, and vapor pressure. This fluid data is not

'pressure' adjusted and is used as input. Note: Columns 21 through 50

can be left blank if fluid type #i, #2, or #3 are used.

Li
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CARD NUMBER 3

COLUMN FORMAT DATA DIMENSIONS

1-5 15 Total Number of Lines

6-10 15 Total Number of Components

11-15 15 Fluid Type Number

16-20 15 Not Used

21-30 EIO.0 Fluid Viscosity in/sec

31-40 E1O.0 Fluid Density 
2 /in4

41-50 E10.0 Fluid Adiabatic Bulk Modulus psi

51-60 EIO.0 Vapor Pressure psia

61-80 El0.0 Not Used

EXAMPLE CARD

-4 -1 - 1-m1

0i 0o-, 10', 0 0 9 OO 0 D 0 0 0 011 0a0 09a0 0 01 0 O0 0 oln 9 0a , a 0t ,01 0 3 0 00 0 0P D! 0 0 0 01C I a 00
II l• , ! ,I I, i ! I I I 1I 1I'

= -" 'ij "it i !11 lll 111I1• iIII III II, Ii, lli I i Illl ' I I lll' t

22 27 2,2 22272 2 2 2 7 ? 212 22 72 22 2 2 7 2 7 2:27 72 17 7222 '7?? 2 277 7 7 ' 2 2? 2i 2 2 2 77 2ý, 2 72722 27?

l31333331 3 3 3 "3333 ?3 33 33333 3 3 33 3 N 323 3333 3'3 , 3 331 333' 3' 3,

44 44 44 144A44 14 4 4 44 4 1 411 444414444 4 14 4144'11111 114 4 4 144 4 44 4A4 14A14 A4 4 4 4 14 4 jA4 44 4 1A4 74 ~4 4 4
i--' II * 9 . 2 . I ' ' .1 . ' - .2'.A, 22 .,1 ., . 2. 2

iI i2 *1 4 * i' ,,1 A5l 55•I:5 555 5 555 5 55 5 5 5 5 '25 51~ • 22 22;,'i2 52 2, 2 22 5555.55555 'l255 5• ] b 5 .•5" 2 52.

A.4COONAJELL AuTokolArIOYN1 '-CMP-AN'.
• r • = = 1 • 7 7 7 1 1 1 1 77 I I 7 I 11 12 1 I I 1 I I ! 7 y ' 1 7 7 71 ''7 . .. ;; 2

IfI I U I sal 1818 88181 111I I 111 516 11: 1 so 118 46F I'm I 51 I I I a 8 !88 1 g a I a F4 68888 4!

I 1 9 19• 9 9 9 •19 99 1 9999'1 193 • •9 9 3 ,99919991:,9191 919 9 9 9 1 9 !3 9 95 9 99 9 9!g9 9 19 99 9 1 96 9,6 9999
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5.0 LINh DATA
The number of cards used in this group is equal to the number of lines

entered on Card 3, and though they can be stacked in any order within the

group, it is advised that the numerical order be used. An error message will

be written when this condition is encountered but the program will continue.

A line number may not be omitted or used twice. An error message will also

be written if this condition is encountered, however the run will not stop.

A type # is used to differentiate between hard lines and hoses. As noted

in Section 3.0, one line number can be used to represent any number of lines

in series provided the diameter wall thickness and modulus of elasticity

(effective bulk modulus if a hose) of each line are identical.

Two or more lines with different parameters may be joined together

without using a branch or other component as a connection. These lines must

be numbered consecutively, otherwise a 6002 error will be written and the run

will stop.

Dead ended lines must have a 10 written in the type column of the line

data card.

5.1 RIGID LINES

Type number zero is a rigid line. The majority of aircraft lines will

fall under this category. True bend angles less than 900 are summed and

input in columns 26 through 30. Angles equal to or greater than 90' are

summed and input in columns 31 through 35.

5.0-1
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CARL) NUMBE'R I

COLUMN FO RMAT.V DATA DIMENSIONS

1-5 15 Line Number

6- LO 15 tVp Number 0 or )0 1Hr dead ended line

11-15 15 Percentage -Lacrease in Fitting Friction

16-20 1I Number of 450 Elbows

21-25 1 Number of 900 Elbows

26-30 I') Total of Bend Angles Less than 90' deg

31-35 [, Total of Bend Angles Greater Than or Equal to 90' deg

36--40 1I Temperatura/Pressure Code (See Page 4.0-2) -

41--50 E10.O Total Length Including Fittings in

51-60 El0.0 Outsqide Diameter in

61-70 E10.0 Wall Thickness in

71-80 E10.0 Modulus of Elasticity psi

EXAMP LE CARD

V ,U ,¶6 l i,,:. :6 sq t;lii , ',il l~.- ! , !l~ l ~ ~ ll' i

a0 01a0 0 00 0 do 0 Do' C 0, 33,02 000 0 1a0 010 0 G00 n~ 0 0 0no a 0 c g 0,00 o 1 0P 0 a0501 0 0,000 [21" 0 0 0

ii I l • i 1IIl I IIII I1i l ii 1 I I ' 1 i 1 I'1 1 1 1
12 1i Ii 1 1 21

2:222 22 ? 2 22 7 2 22 2 272 2 22 212222227222?2L' i2220227
II I

333333333333333311333 313 3 3 3 1 13 3 :] 3 1 3 3 3 ýi 3• . " '3 3 3 , 3 3 313 3 3)i 3

44 4 4 4 1 4a 4 4 4 1 14 4 4 4 4 4 4 4 4 4A44 41 444 4 4 4

MCDONNELL AUTOMATION C,7" V PAN y

1 7 7 1 1'2 7 1117 710 1 1 11 777 712 1 1 7 1 7171 1; 7 1 1 1 1 77 1~

9 ,999 9.:. .. 91 9" 99; "3,9 1 ; 99 9 19 3 " 9 1 1 .9 9 9 9 3 9 1 9 9 " ! ' 9 1
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5.2 FLEXIBLE HOSES

Type number 1 is a flexible hose, rigidly mounted at both ends. True

bend angles are to be measured in para 5.1. Effective bulk modulus of the

hose is to be determined using the follwoing formulae.

HOSE BULK MODULUS = PRESSURE CHANGE * TOTAL HOSE VOLUME OIL BLK MODULUS
VOLUME CHANGE

5.0-3



CARD NUMBER 1

COLLU.IN FORMAT DATA DIMENSIONS

_ _1-5 15 Line Number

6-10 15 Type Number 1 _ - .

11-15 15 Number of Straight Fittings Integral with Hose -

16-20 15 Number of 45' Elbows Integral with Hose

21-25 15 Number of 90' Elbows Integral with Hose

26-30 15 Total of Bend Angles Less Than 900 deg

31-35 15 Total of Bend Angles Greater than or Equal to 90' deg

36-40 15 Temperature/Pressure Code (See Page 4.0-2)

41-50 El0.0 Total Length of Hose Including Fittings in

51-60 El0.0 Inside Diameter of Hose in

61-70 E10.0 Not Used

71-80 E10.0 Effective Bulk Modulus of Hose psi

EXA-MPLE CARD

-. .. .. i-
2 W=

1 4 's -2 7. n 2. 7A7 . V M ..1 ... .

C a 1 0 0 3 0 1 71 0 7773 a 1:0Q a0 I77 'D 01 177 a111 1 00 DID 17,13 a77 P1 0 07' 0 7~i .:O 0 0 r3 0 03 -. 0 0 I ý0 0C10sa0 0CD00r

11 7 ' I yI it 1 1 i 1 I 1 1 I II I 1 1I 1I I 1 1 I 1 I 1 13 1 li 3 I , ,, , 7?1 1 V V 1 1 1ii 7'. 11 1 t "!7 o, o .

227211? 22 12 2 22?22227 2222212227 2222122222222 22 2 7''2'2' 2 2 77277- !, 27 272,2 2'221 '223'

73313:3 3 3 3333333!3;?333333133:3;3333333333'3 3 33 1P 3 33 ' 3; 33 2 31 -.1:'3 3 3333 3 37 ý

£ 4 4 44 4444 1444414441 A 44 144 4: * 4 4 1. 4 4 4 *. 144 4
17 1, C * 3 ; ' 1 . 1 ; (7

S555S55555SS 5 5 55 5 55 5 55 5 5 5 5SiS 5 5 5555 5.

56665 S i 16'&61 61651651655 6 6 564 6 1 66656 6 S (156S5 S 6:6 6 56 S I ý ' 1E6 E& 6-SEE 5~
MCDONPNELL AUrOMArION COMPANV

171 7 1 7 11 1I 1 1 1i

11 1 , 11 1 1 it's Ill f I t~ I2 f.

I 1 5i.. 119 1 7 9,91 1 9 9| 9 919 i1 5 4l 1 1 , 91 19 1 11 1. %i fg 1r9 is 9 9 7



6.0 COMPONENT DATA

Components are classified as anything that is not a line, and includes

such things as branches, pumps, reservoirs, valves, actuators, etc.

The cards required to input the data for each component are as follows:

Fýirst Card

This card inputs the integer data which includes the component number

assigned, the component type number, number of real data cards for the component,

and line numbers (either negative or positive depending whether the upstream

or downstream end of the line is connected tothe component). Any card data

fields not required are to be left blank. All components have pre-assigned

connection numbers. The input data assigns line numbers to these component

connection numbers. A -ye sign in front of the line number is used if the

connection is attached to the upstream end of the line. A +ve number is used

to indicate that the component connection is attached to the downstream end

of the line. A line number equivalent to the max number of lines (MNI'NE),

established in BLOCK DATA, blocks off the component connection. A line number

equivalent to the MNLINE-l opens the component connection to atmosphere.

Following Cards

These input the real data, if any, for the component. The number of

real data cards to be read is specified on the first integer card in columns

11-15. Some components such as the type 11 branch may not have any real data

cards.

To summarize, the component cards are input in the follo'wing order.

Component #1l Integer Card
Data Cards (If any)

Component #12 Integer Card
Data Cards (If any)

--. .L 2 • ,' : ,• ,• '¸ • • • ' r '• • • • ..



And so on until the number of integer cards read, equals the number of components.

It is advisable to keep the component cards in order to avoid confusion and

perhaps the chance of having a missing number. The program stops if a number

is found to be missing. The data required for each component is described in

detail in the following paragraphs.

The components are grouped under general type numbers for convenience.

Type #s Component Types

1 - 9 Not assigned

10 - 19 Branches

20 - 29 Control Valveq

30 - 39 Check V-ives

40 - 49 Restrictors

50 - 59 Pumps

60 - 69 Reservoirs

70 - 79 Accumulators

80 - 89 Filters

90 - 99 Control Subroutines

100 - 119 Actuators

If a new component of any above types is to be used in a system, the

following changes will have to be made to the program.

1. A new component subroutine must be created. The name should be

similar to the old name except for the last digit which should

be the next available digit in the sequence.

2. The new subroutine call must be added to COMP subroutine in its

respective group.

3. Make any necessary changes to COMP to allow isolation and control

to be passed to the new component subroutine.

4. The initialization data for the new component subroutine- must be

added to Block Data (See Volume ii).



5. The new subroutine must then be loaded into the file being used.

Example

Newly created accumulator subroutine would be named ACUM72. COMP

would be changed to the following.

270 CONTINUE

GO TO (271,272,400), KTYPE-70

271 CALL ACUM71 (D(Nl),D(N2),DD(N3),L(N4))

GO TO 400

272 CALL ACUM72 (D(NIl),D(N2),DD(N3),L(N4))

GO TO 400

280 CONTINUE

4i,"

ton .. ...
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6.1i0 BRANCHES

A branch is a connection used to join two or more lines or to cap off

a line. The following type is currently included in the program.

Type #11 Frictionless Branch (BRANlI)

6.10-1



6.11 FRICTIONLESS BRANCH
Junction

Y-Branch

I~Cross Branch

FIGURE 6.11-1

Type No. 11 Frictionless Branch

Type 11 is a frictionless branch with one through four connections. With

one connecting line, the line is blanked off. With two connecting lines, it

acts as a line Junction between two lines. With three or four connections the

branch acts as a "Y" or "cross", respectively.



CARD NUMBER 1

COLUMN FORMAT DATA

1-5 15 Component Number

6-10 15 Type Number = 11

11-15 15 Number of Real Data Cards = 0

16-20 15 Line Number (with sign) attached to Connection 1

21-25 15 Line Number (with sign) attached to Connection 2

26-30 15 Line Number (with sign) attached to Connection 3

31-35 15 , Line Number (with sign) attached to Connection 4

36-40 15

41-45 15

46-50 15
51-55 I5

56-60 15

61-65 I5

66-70 15

71-75 15

76-80 I5 Temperature/Pressure Code (See Page 4.0-2)

EXAMNPLE CARD

4 41

I I 3 I M U 4,

II 1 ! 1 7 1 1 It I K I 1 1 I7 1 , 1 1

7222 222: 2 2222'22222 42;? ?222 272'?? 22 7 ; ? 222222 222 2? 2 72;27 2222

i33531 j 3. 3 13 3 '13 32 3 3333 33333 313 3 713333 '13 23 i 33313 233 3 73 333333 3333 3333333.

4.1 444 4:4 4444 4~ 1 4 r14 4 4 44 44 14 14 4 4 4' 44 A'~ ' 44 44 4 4 4 4 '4 14

5555 , 5 5 55 , 5 , 5 5a- 5 5 , 5 9 5• 5 5 5 515 G 5 5 55 9 5 95 55; 5 555

dMCOONNELL AUTOA4ATION CO4F ..''Y

7 '1 7 7 7 17 77 77 7 1!! 7 7 7 1717 1' 7 I I 7 1 77 7 I ' '7 7 ' 7 1' 71 7 7 1 i 7 77 I 7 77 7

888~~~~~~~~ 883838'3883 1388 38888 778 IP e 8 76 38881 83 6 817 8
S;I Q U C

S. ... ... . 6.11-2



6.20 CONTROL VALVES

"I Control valves, either shutoff or modulating types, can be simulated

by inputting the valve opening characteristics versus time. The following

types are currently included in the program:

Type #21 No-Way Control Valve (VALV 21)

Type #22 Four-Way or Three-Way Valve (VALV22)

-62-

6.0-



6.21 TYPE #21 TWO-WAY CONTROL VALVE

4) + ve Displacement

[ Flow

Connection No. 2

Connection No. 1

SGP 75 0099 19

FIGURE 6.21-1
TYPE NO. 21 TWO-WAY VALVE

Type #21 valve uses an externally controlled time history input. The

valve opening versus time is derived from the tabulated data input on the

third and fourth cards. The total number input on both the time and\displace-.

ment tables must be equal to the number input on column 70 of the first card.

6.21-1



CARD NUMBER 1

COLUMN FORMAT DATA

1-5 15 Component Number

6-10 15 Type Number = 21

11-15 15 Number of Real Data Cards = 3 or more

16-20 15 Line Number (with sign) attached to Connection 1

21-25 15 Line Number (with sign) attached to Connection 2

26-30 15

31-35 15

36-40 15_. _ _

41-45 15

46-50 I5

51-55 15

56-60 15 . ....

61-65 15

66-70 15 Number of data points in table.

71-75 15

76-80 15 Temperature/Pressure Code (See Page 4.0-2)

EXAMPLE CARD

000 30 a 910 0 0 0 00 0 0-0 0 0 0 10 D0 00'D0 00091 0 0 0 0 BDp0' 0 n n a o 00 0:0 0 tn0 0 0 90 0 000 010 9 C 0 9000 0 DD0 a1 0 :40 0 D~ Ol a

722? 2 23222212727 222222 ''? 2,7227 7277722 7277 77 2 2'7 212 2 7 2 2?22,7 2?274'72 222772227 7 2212 2 272

54 6L• 6 6 1 11 1 6 1 1 I 1 1~ 1 6 6I I I 1 i S 61 6 1 I I : 1 1' 1 I ll I 6 1 6':6 1 1 1 !1,ý 1 1 1 I'l1 6 6 I ' 6 6 6 '1 1 1 1 I1 6 1 1

3 3333*33313 ' 413' 3

Ill 7l 7 1 .

mm aml t ~~~444444,44! 44 4 '4 ' 4444 ,4 i44 44444 44444 447 4 4, 4444444 4444414444 4 4 I44 4 4 444 44 444441 4 4 4

11 i 1 '4' . , .. 1 . i l 'k

6=--'-• 65 g'I 5 6 ,55:5 •66 56 i 6 .61 251-55,516 5 5, 661515 51!
AACP'ON".5LL AUTOJ.4TION 'COA.4PAN't • !| l 1 ' I

80 '1999,94 099 894.17 0904 ] 958999 |I I i 10900990900004949018 901 909909909909999 * !1 I ?11 9t 9 T "I ,6998i

i i ii , : . .-~..'., 154444 4



CARD NUMBER 2

COLUMN FORMAT DATA DIMENSIONS

1-10 EI0.O Valve Slot Width in

11-20 El0.0 Valve Discharge Coefficient -

21-30 E1O.0

• '.."51-60 

E 1O.O

61-70 ElO.OI

-- m -- .;7 
1 - 8 0 E1 

0. 0I

EXAMPLE CARD

1' 1,

37 !3333j 33 , 3 .3 3 3* ,33 43 4? S 4 ,4 4 , 44 1 3 4.

-_I 4 44*--4....... .... . ......... . . . . . . . . . . . . . ..n.... . . .

000003 ~~ ~ ~ ~ ~ ý 3001 3 3 aý i00 a 3n 1no a33nOl103J'00 3: ~a~0000UU
1 4 44 4 4 44 4 44 14 4 4 414 1 4 4.fll4 4 .4A 4,44 4 4 4 '; 4. ! A 44* O44 '-4

oooo,~~~~~~ 

o ooi 
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o Sooo fit 1 o 9o 1 o4:44 $ !. 1 S, 1

I m 3 l i i I 
I I •l :,l' ,:i I III I 
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,II

S4 
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4 o a oI o o o
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.. .

'• i,~ 
.' 444 ~' 

44 ' ~ 4 ,. '4 44 1 
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.

-- '-5--,-'-' 
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5 5155 5 7,l i, 54 ii l s 555 , s'G~ if~ , ;G~ l • 6rt5l• 
i~i fS 5• i

111 1i 
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,

I II 
I•
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CARD NLMBER 3

COL=flN FOR&BAT DATA J DIMENSIONS

1-10 E10.0 First Time Value - Should be 0.0 sec

11-20 El0.0 (Enter as many time sec

21-30 E1O.0 values as required using

31-40 El0.0 as many columns and cards

41-50 EI0.0 as necessary - Final

51-60 E I0.0 time should be Final

61-70 IE1O.0 Calculation Time).I *
71-80 I El0.0j

F.XAMP LE CARD

1 3 1 ; 3 3 3 ' 3 ' I I

" I A 1 i, 4 4 1 1 I A 41 4 .I 141 A A Al I -1 1 I "'1 4 4 41 • 4 -4 1 i 1 ! I I

I I. . I

5 . ... 5. 5 5"' 5 5 5 5 S 5 5 5 1 1 7 5.5 4 ,

. 1 f 191 19 3 1 3 -9 1 1 v1 I



CARD NUMBER 4

COLUMN FORMAT DATA I DIMENSIONS

1-10 E10.0 Initial Valve Position @ T = 0.0 in

11-20 E10.0 (Enter as many valve

21-30 EIO.0 positions as time 'alues.) -

31-40 E10.0 -

41-50 EIO.0 I

51-60 E10.0

61-70 1-EIO.0I
71--80 E1O.0

.__ _ _ _ L__ _ _ _ - ,__ _ _ _ _ _ _ _ _ _ _ _ _ |-_ _ _ _ _ _ __ _ _ _ _ _ _ _ ..... _ _ __ __ __

0FXAMPLLE CARD

3ý0 01030 00 00 n 0 0 0 n 0 a90 0 0 t0 a101 0 00~ 0 00 00C0 0 01000 0 010 0 2 C 0 n0,1 O a 0 aq0!0I 0 0 1010 00000

i .2 2ý r1 . ...71 ?2 ? 22772 1 7 1

3 fB I I fI I A l p ig A f Ig 1 1 1 aII H I I I F I I I I A I Il I I I II I 1 1 1 1 I A 1 P 8 1 8 t a

9... ., 220291 2272 9 ' 217 1 1 2 111 2 ' 22?9 I,2., S 11:: i 222 1:2 ' * 2 0 2 1 4

S9 4 4 .4 4 I 4 A 4 A ' 1 4 * A' 4 4 9 4 4 1 4 4 4 4 4 4 4 4 14 4 4 4 4 * 4 4 4 4 * j A . • . A • A 4 . . . 14 4 j 4 4 4 ,II_! ! _ •' ' . . . ' ,, , ,, ,, 1 .• A .. . . , ... . . , A , . . . . ,

muir6 ~6F 6 6666 6666 r6F361686 ' 3F
HIP ItAET)A4,Nf,'C~%

S i qq g~ lq 99tgi•*"•'q•9 q• g~ g|•'•• q lali")g g !() )(l'(')'I1 IA l 1 9 I 31,? I A'))9 '9L9 I gla

Ii S514 09i to IIil iimaiai;eaojueVmiia; l i *I

_ __ __ ___-__ __

* I 01 01 3',



6.22 TYPE #22 FOUR-WAY/THREE-WAY CONTROL VALVE

CON #3 CON #1

X +ve

CON #2 CON #4

FIGURE 6.22-1 FOUR-WAY CONTROL VALVE

The Type #22 valve can be used either as a four-way or three-way control

valve with an externally controlled time history input. The valve opening

versus time is derived from the tabulated input data.

The valve model can handle any or all ports flowing simultaneously and if

necessary, all or any group may open in the same direction. The center posi-

• •tion of the valve is just a reference point. To input the data for the valve

it is necessary to know the approximate characteristics to be simulated such

as valve overlap; open center underlap, etc.

"The valve opening versus position characteristics are described separately

for each port. The description is the same for each one and if all inputs were

identical the valve areas of each port would be equal versus valve position.

I i la6'-



The user should choose from the family of curves in Figures 6.22-2

the valve area versus position characteristic best suited to his valve. The

next task is to determine the projected cutoff and the max opening position

which will give the required area slope. It should be noted that either of

these two values may be beyond the input position range. Additional non-

linearity can be simulated by the use of non-linear position versus time

input.

Typical plots of valve area versus position, for the input card data

are given in Figure 6.22-3.

6.22-2



CARD NUMBER 1

COLUMN FORMAT DATA

1-5 15 Component Number

6-10 15 Type Number = 22

11-15 is Number of Real Data Cards = 4 or more

16-20 I5 Line Number (with sign) attached to Connection 1

21-25 I5 Line Number (with sign) attached to Connection 2

26-30 I5 Line Number (with sign) attached to Connection 3

31-35 15 Line Number (with sign) attached to Connection 4

36-40 15

41-45 15

46-50 15

51-55 15

56-60 15

61-65 15

66-70 I5

71-75 15 Number of Data Points on the Time Data Table

76-80 15 Temperature/Pre ssure L.Cde (Soe Paige 4.10-2)

EXAMPLE CARD

a -~ It* -f -1 1_ _

0 0 0 0000000000 000,00 1a 0 0 000 0 0 010 0 0 Co a 0031 U0000000 0 00 000 a00
I-II I o i 1 1;: I I I I I I ! ,,I I 1j II j ., i. ? C I 1: 1 Y k 1 0 1 1 I I 1

IS' I 1 i 1 1 1' 1 1 1 1 1 I1 1 I1 , , 1

1? ,, 2 122222227 222222227722222 72 1 2322'27 7 2 . 3 7 227777 2 2 . 722722 272

* 3 3 ,3 3 331 3 ,3 33 3 3 31 14 3 ,33 1 3 1,3 3333 3,3 3333 3 3 - 311 3 3 3 3 3 3 )3 3 33 3 "1 - 3 3 33 3

I I' i i i t . t ) •' t i It Is 1 9* 1 9 9 3 q, 9, q 9• 9t 19 3 q q, I

6.22-
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CARD NUMIBER 2

COLUMN FORIMAT DATA DIMENSIONS

1-10 E iO.0 Con #1-2 Projected Cutoff Position in

11-20 L10.0 Con #1-2 Projected Max Opening Position in

21-30 EIO.0 Con #1-2 Max Effective Valve Area I in2

31-40 1110.0 Con #1-2 Characteristic Curvature Coeff. -

41-50 F1 10.0 Con #2-3 Projectcd Cutoff Position in

51--0 t IF.0 Con #2-3 Projected Max Opening Position in

2

61-70 1I,10.0 Con #2-3 Max Effective Valve Area in

71-80 - tL10.I0 Con #2-3 Characteristic Curvature Coeff, -

EXAMPLlE CARD

U a

G' 0 0 0 F1a 0n f~ a a a 01 a 10q a 0 0' *0 00 0 A 1 aa au 00 0 0:0 aa 0 n' r n 00:0 0 0 0 0o 0 aaa 000 1 0 q 00 0 ,0 au 0 000
1 , 0 11 1 12 I i I I I I I

2 2712 22? 22 2 7121?72 7 222 21727 2 2• 2 2 27 2222 722 22'7 22? 2 7 2? , 2 22 '. 7'22 2 22 7 7 112

2 J31 3 3 11 3 33 3 33333 33 3 1133 3'3 3 13 1 3 33 3 333# 3 3 i!1333, i73 3ý33 1 3 3 33 J3l 3

4 4 4.4 4 44 1 4 4 44!44 44 7' 4 44 14 44 44 4 A4 11 4 44 411 4 4 4 44 44 14 44 4A4 4 44 44 4 44 4 '4 1 4 44 1114 4 44
, '. ' 'I * I II* I. 44 " 44 44I*' , * "4' 4' ,i,• ' , , , 4 4 4 4 4'•

-55 j S 5 5 5 5 5 5 iS 5 5 55 5 5 55 555 S 5 55 55 5 53 5 5 55S55 i 5 ý5 j 5 53 5,5 53 5
-I 1

6 66F6b66 S6 6 66:66 6 6 6. 2666s666166 6 66.6 66 £616 66 666 66E6 S6 666,6 66 3 66LF6 6 6 6 E 66 6 F6 6
MCDO.I•NNI L AUT'-.2MATIONI% COPOPANY

, 7 117111 11 81 a I 1 6 1 1 1 1 1 • l1 7 8 18 8 1 1 a I, a 1 1 R1 87 1 1 1 1 1 h 8 1 rI 1 6 5 018 I F F 1 7- 1 8 '0'lie, 1 *aF

9 9 o!q9 91 9 2q9 ý 9 q I 9 g9 9 !q 99 1 99 919 9 9 9 9g 'q 9 99.9 9 9 9 9, 9 99 9994 99 as,0 '9992
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CARD NU.IBER 3

COLUMN FORMAT DATA DIMENSIONS

1-10 E10.0 Con #3-4 Projected Cutoff Position in

11-20 E10.O Con #3-4 Projected Max Opening Position in

t2
21-30 E10.0 Con #3-4 Max Effective Valve Area I in 2

31-40 E10.0 Con #3-4 Chiaraf:teristic Curvature Coeff.

S41-50 EIO.O Con #4-1 Projected Cutoff Position| in

51-60 E10.0 Con #4-1 Projected Max Opening Position in

61-70 E10.O Con #4-1 Mxx. Effective Valve Area I 2

Y/1-80 EO.O Con #4-1 Characteristic Curvature Coeff.

EXAMPLE CARD

iV ... ,. n-.... i•

00000:0 03 a0 no o o' on a o 0 000 o0 00cnP o0oa o o on o '0 0900aO0 e iCC o 0c0o o O0000

I I '. 1 7 'I 71 I I C 7 j' I.6 '1116 16 2:6 2 65 SI 2 7: I 721 ?'n '2 2 2 11

222 2122 22227 2?2 3222 2272 2 2 2 2 2722 2 222'7?? *222227?272222 7!1 2 >7 127 22 2 2 212222? 2
, , ,? I,

3 '137 3:331j333333313j3 3 3f33333:13 33333333ý33 13 jý3 ~3 23 3213 j3!3 3 33 i3 33!3 3 333 3) 3 33 4 3' j3j

4 4 44 4 41 44 4 1 4 4 1 4 4 1' 4 4 14 4 44 44 114 4 444 1 .4 41A4 44 14 44 4 44i4 44 14 4 4444 444 44 441

666 66 65 6166 6 6 616 56 G C6 6 6 6 16 6 6666 6 16 6 66 66 6666666 6G 6;6 666666,6 6 6666 6 6 6
1 M1COONI-EIA- AUTOMArATON COM.PANY~

A 0 1 4 1 1 !1 i 1 6 a 1 b I I I I I I ' R 1 41 1 1 a I 7a7 I 1 1 ' " 8 8 I 's 1A

99999:19 99 9 9, * 3 9 :s ; 9Sq 11 11q9 9 1 1 9 8-q 919 9198 9 9 9 .99 9 9 9 1.999
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CARD NUMBER 4

COLUMN FORMAT DATA DIMENSIONS

1-10 ESO.0 First Time Value - Should Be 0 sec

11-20 E1O.0 (Enter as many time values

21-30 E1O.0 as Required using as many

31-40 El0.0 columns and cards as

41-50 EiO.0 necessary - Final time

51-60 E10.0 should be Final calculation

61-70 tE10.0 Timpe).

71-80 EIO.0

EXAMPLE CARD

I I 1 tA .1 I I 1 @

0, 0 o o, o 0o 3 | o . o o a o'1 0 0 ' o6 a ý0 0o o o o a 0 8o o toiooo o a co o n p o! " o 0: o o o PlO O0 oo o n P. n o o o o.o , r,_0 0 n2 0 011. 0 .. . .. .... . . .

44 4 IA 1 4 4 414 1 14 1 4 41 1 1 11 1 11 1 1 1111 I 4 1 1, 1 4 4I II 1 1 4 1----.I 141 • 4 4 1 1 4 'I I .. I2 2 L • , . . • 2

I I, I

3 I M C D O N N ELL3 A3O M AT3N 73O A4P AN3 V

I I I 1 1 6 1 1 1 1 1 : 7 1 1 1 1 1 1 8 , ý a I I' I 1 I ý1 ,1 6 a I I I 1 9 1 1 1 1 1 E I a I I I I 'l I I a 0 6 4 6 0 1 : 8 a M p i 6 8 6 --

i93 1 13q3I1 3 9,q 33331 3 3 9 393333 1o 3 9 aI

.4.44 .44.... 444-6



CARD NUMIBER 5

COLUMN FORMAT DATA DIMENSIONS

1-10 E10.0 Initial Valve Position @ T 0 in

11-20 E10.0 (Enter as many valve positions4

21-30 E10.0 as Time values)I

31-40 E10.0

41-50 ElO0.O

51-60 'E10.0

71-80 E10.0 __ _ __ _ __ _ __ _

EXAMPLE CARD

I0;0 00 a "ia200II600~ 600 0 ~0 0 0 np0 0 01 00 a030 a 0 ~ 00 0 A0000 0 09aa00 0 00ý0 0 0f 0 0 0 0a00

o II it 71A it 1 I 14 J 1i I - 4I 4'14.4 ~ 4 ~ . I~ 4 4 44 4441 11

2 222 2:72 27 ?2 22272 2 212 22 72742 2 2 22 2 22 72 2 2122 2 2?7 2212:?2 2222?71; 72 2 2?72 22 222

3~~: 3 i 3 iý 3 J]r3 3 3 3 33 3: 33 3l ; 3 ,35 333333 i i33 33 ' j 3 ; 333 ý33 j3 331333 433 -3i3
44 4 4 4.44 44 414A414 4 A4 4 4 44 444 14 4 44 44 44 4 4 44 1 44 4A4 414 44 *4 4,4-4 44 4S4 4 4 44 4 A4 44441 1 4 4 44 A

t ;, - I ;, s'sý sý5 5 , .1 ; 7 . ' 5 . It1s 's ab S` 12) 1 S ý ýý . - :i. 1 . I , I" i! , " 1 . .
5 5'5 5 5 5's 5 5 51 5 5,5 ) S5 5 iC 5 5 5 5 i'5 5 ,

5 E 6,6 66 6 66 666 6456 66 6 66 16 6f6 6St6 6666 b.6 2E 6 6166 6 ýi6 66 &6 6 6 6 565 6,6 6665 66 665 6 6 1 6 6
IAA COONN(LL1 AurOP.AritpiO (:'0~ 4 4r, 'A PV Y I

3 91 21 199 9.91 1 19 9 71 9910 ': 06 9 9 9 93 l 9l.9 99919 1q 9 9,9 9 9 99 9499 9 9 9 9 939 9 9 9
11 1 .1 '41' .1 4I 14, 1. 4 116 A 441 .4 4!1 . . .4 I 1 I I 4I
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6.30 CHECK VALVES

Check valves can be considered to fall into three general categories. The

first includes those that remain fully open during system operation and hence

do not need simulation of the poppet dynamics. The second category is for

those which need dynamic simulation of the poppet when it is located between

the fully open and closed positions. The third category is for special valves

with damping and displacement characteristics. The following type is currently

included in the program:

Type #31 Undamped Check Valve (CVAL31)

Type #32 Priority Valve (CREL32)

Type #33 One-Way Restrictor (CVAL33)

Type #34 Two-Stage Relief Valve (CVAL34)

- - 6.30-1



~i

6.31 TYPE #31 UNDAMPED CHECK VALVE

Connection No. 1
Connection No. 2

SFree
Flow

Inlet I.D.j -Outlet I.D.

FIGURE 6.31-1 
GP74 0,,3

TYPE NO. 31 CHECK VALVE

A check valve that can open and close during operation without damping

and displacement characteristics is defined as a Type #31. These type

check valves are used repeatedly throughout the F-15 hydraulic system.

-- - - - - -- - - - - - - - - - - - - - - - 6.31-1



CARD NUMBER 1

COLUMN FORMAT J DATA

1-5 15 Component Number

6-10 15 Type Number = 31

11-15 15 Number of Real Data Cards = 1

16-20 15 Line Number (with sign) attached to Connection 1

21-25 I5 Line Number (with sign) attached to Connection 2
_0 0 - Conventional

26-30 15 Connection Order 1 - Backwards

31-35 T__5

36-40 15

41-45 15
46-50 15

51-55 15

56-60 15__

61-65 I1

66-70 15

71-75 I1 5
76-S0 I1 5 Temperature/Pressure Code (See Page 4.0-2)

EX.AMPLE CARD

3 1 I-' I 1 1 7 1 I 1 I 1 7, ! !, 1 7 ¶ 1 1 , T 1 1 1 1' 1 3 17 I 1 1 1 1•I 1 1

.. ,2 I. .... -7 2K 222 2 2 2 2 73=3 2 2222 2!2 7 72 2222 2'2 7 1? 2? 232221222 2 22!? 2 7 2 a a 22 72
33 3

. , 32] •3 323 a $ 3 3. , 33 332 3 :33 3 , 3 ? 3 2, 2 32 3 3 32 3 3 3 a3 33 1 3 3 P3

~4 44 444414 4 4 4 444444 414 4 4443 3 44 4 4:4 ' I

'4 4 ,., 1 .4A 4 : 444 4,4 4 44 1 4 4;4' 4 4 4 1444 43 4 444' 4 4
' I * 7 * "' - I. . ' ;'k5

1 : ; I v I [ A A



CARD NUMBER 2

COLUMN FORMAT DATA DIMENS IONS

*1-10 Ei0.O Inlet I.D. in

11-20 E10.0 Outlet I.D. in

__________2

21-30 E10.0 Poppet Mass Ilb-sec /in
31-40 E10.0 Spring Constant lb/in

41-50 IE10.0 Max Poppet Stroke in

51-60 E1O.0 Spring Preload -_ _________ lbJ

61-70 1:0

71__80 1E111i0.0_____

EXAMPLE CARD

a 0 0 0:0 0 0 0.0 a a a a ;a la a a * as 0 : 356 0 is a a a i , a 0C0 00 010 '0 0 Da0 a 0 a a 0 310 0 0 0 000a1a, 00 00:,00 C 0 0
' 13 11, 11:114 1 .11 111 1. 7I! Ni z ) A4. I~ A77 1; 4 1 1 ' 1 .' 1' 1;1

22221 7212 272 22222 22;12 7112 227 2 7,2 2272 7 22 2 777222 ?22 72 -2 2' 2 717 2 2 7 21 22 2' 2? 2 27 2,2 2 '1 7' 22 2

33 - 3 3k113 3 3 33333 3 53 3 3 3 3'-i 533 3}3 1Ij 3 155 313 3 3 ,3 ij 3 .1 3 1333 33 3' 1 13 33133211

144 4 4 4 4 1 1 I 4444 44 4 444 444 4 4 4 4 4441444444 44 4 44A0 4 4 A 4 44444414 4 1'4 4 4 0 4 14 44 A 4 4441
" " . !, I'' 

..
I 

A4. "7 * .5 *I

6 6 6 S 6 66 664 561 6 6'6 5 6 6i 6 65 5 5 6 566 I 1L 6S 665 65156 6 0 6 6E E 6Ji 16 '6 F 6 6 6 E6* ,E1 6 6 6 6 66 6 1S
AO4CCON\'EJLL AUrOMA~TION -0PW-^Fv'

7I11 11 1 1 1 14 6 1 13 1 II 71 1 AI 1 II .1 1 l ie a~ I I I a I oi ' l l1 I ''1' 6 1?

NI ?I*S ItI 11S 1 1i -I .. .7 11 . .'~ 771 ~ '5' ' "A I!A It10 * , 4-is

6.31-3



6.32 TYPE #132 PRIORITY VALVE

Connection No.2

Connection No.1

Connection No. 3

FIGURE 6"32-1

TYPE NO. 32 PRIORITY VALVE

The type #32 Priority Valve, Figure 6.32-1, is modeled as a combination

of a check valve and relief valve in parallel between connections #1 and #2.

The relief valve cracking pressure is referenced between connections #2 and

#3.

If the pressure difference between cennections #2 and #3 is less than the

relief valve cracking pressure, flow is allowed in only one direction through

the check valve from connection #1 to connection #2.

If the pressure difference between connections #2 and #3 is greater

than the relief valve cracking pressure flow is allowed in either direction

6.32-1
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i between connections #1 and #2.

Connection #3 is used for reference only, there is no flow between

connection #3 and the other connections to the valve. Since the program

treats the line ending in connection #3 as a closed end line it is considered

a node of the system.

During steady state calculations the program assumes the priority

valve is open allowing flow in both directions in the leg when the system

is pressurized, and closed when the system is depressurized.

ii
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CARD NUMBER 1

COLUMN FORMiAT DATA

1-5 15 Component Number

6-10 15 Type Number = 32

11-15 15 Number of Real Data Cards = 1

16-20 15 Line Number (with sign) attached to Connection 1

21-25 15 Line Number (with sign) attached to Connection 2

26-30 15 Line Number (with sign) attached to Connection 3

31-35 15 SVstLem Number

36-40 15

41-45 15

46-50 15

51-55 is

56-60 15

61-65 I5

66-70 15

71-75 15

76-80 15 Temperature/Pressure Code (See Page 4.0-2)

iEXAMPLE CARD

0000I300 0 0 0 !08080

liiiii II I-

"2,2,227 7 2 21, 2 2 7ý7 7 ? 7 7 : ' 2 22 2 72 ?

3I33I 3 33 3333 31 1 3333 3 3 3 3- 1 3 3, 33 3 33 3ý 3., 333. 13333, 33 133 J.i - 3"

I4 4 4 44 4 4 " 444 4 :, 4 4 4 ' 4 4 4 4 ! 4 1 14 " 1 4 44 4 1 4 i

60 6 6,i 6' 6 16 6 60 u lk AE 6, S, 1 6 6S i 06 ,6 i!6 E ( 6 6 Sb 5 63, b S, I
-- 4 6 C D O•NFJEL L AtITIArION CO A,4 PAN4 VIl m ' [I ,. ' ; ; , l I:' , ? ' '

994'~q q~ 9999,99 9 99 999 g; 9'39

b. 32-3



CARD NUIMBER 2

'COLUMN FORMATI DATA DIMENSIONS

1-10 E10.0 Relief Valve Cracking Pressure PSI

11-20 E10.0 Relief Valve Reseat Pressure PSI

21-30 E10.0 Slope of Relief Characteristic PSI/CIS

31-40 E1O.0 Slope of Check Characteristic PSI/CIS

41-50 EIO.0 Leakage Impedance PSI/CIS

51-60 f EIO.O Chock Valve Cracking Pressure PSI

61-70t EIO.0 I

m__,l" l-8o E10.0

4'• EXAMPLE CARl)

In s

01 002 0 0 0000 35 6, 000 0 aOd0 0 0 0 00 0 U069a0 00 109n 0 0 0 0 n 0 0 0l 2 0 a00.0 0 00 110 u 0:0 0 0 0 0', '........a I .. ... -. ,.b ,,,•I I I I ! I i *' " " '''I ,p ,,,'• l i l ' l l I l l l l l 4il l I I I I ' 1 I I I I 51 I ! 4I7I, o: I 1 i l 11, I 1)I I

22 2j. 2 2 J7 22221 22 27 7 2 712 i, 2272 211 2. 2 2•2 2 3 3 27:27227 22 2277222

1 3 3 3 J 33 i '3 3i3 3 33 1i13j 1 3i 3 3 3 3 1 33 •3 , 3 • 3 3 3 1 3 3 3 3 3 3 3 3 3 1 3

i4 A's 4 44 A4 4 4444444 11 ,1I 4 44 4 44 J¶ 4 44 41 44 4 44 4 Z 1 4 4 4 4 4 4!
SI - I ' '1 ' tI I ''. I

6 6 fi:S 6 E 6 6 6,66 6 56 66 ,6 •6 6 F : 6 6S'666 6 6 61 5 b 616 F A , & r,'5 6 6 66 6 C 6 f,' 6 6 6 6'
NJC00NNFL J. AJt()A.44ri0P. COMPAN~Y'

all I I I I o1" s oi ii iji 11 A980, 0 48595 II0• I P 11 1 31 1 886 88* P I

3 999 3 i, 1 3! 9!3 9 9 9 1 ' 1 ! 21 0 11 gl 9 9.9 q9 019 1 30 S 99 1 5 3'i 3 !' 91 9 1 99 3 9 3

4~~~~~~~~~~ PPp2 ,P2aOpe -,aaPA**.
I ._ _ _ _ _ _ - - - - - " -



6.33 ONE-WAY RESTRICTOR

C

Connection No. 2

'low

SInlet I.D.- Outlet I.D.

FIGURE 6.33-1

TYPE NO. 33 %N7-WAY RESTRICTOR

A simple undamped one-way restrictor is defined as a type #'33. A]thmuph

the actual mechanical configurations vary greatly the basic method of operation

stay, about the same. Figure 6.33-1 is typical of t'ie many one-way restrictors

in use on aircratt and in industry.

6 3.

6.33-1



CARD NUMBER 1

COLUMN FORMAT DATA

1-5 15 Component Number

6-10 15 Type Number = 33

11-15 15 Number of Real Data Cards = 1

16-20 15 Line Number (with sign) attached to Connection 1

21-25 15 Line Number (with sign) attached to Connectio, n 2
"Q - Conventional

26-30 15 Connection Order i - Backwards

31-35 15

36-40 15

41-45 15

46-50 15

51-55 15

56-60 15

61-65 15

66-70 15

71-75 15 _________________________________

76-80 15 Temperature/Pressure Code (See Page 4.0-2)

f EXAMPLE CARD

0 00 000 0 a a a a 0 300 J0 G 0 000 01050 5000 aU0 0J DID a n00 ni 0 00;00 0a a I 0 00 on 0 0 0 0 0 00 0' fl a 0 0!0 0 0 Ca o' 0 C,

2 2 2 j7 2 22 22 2 222 Q?2 22 2 2 2 2 22777 2 7 777 2 7 2 22 2 2?? 2 2-7222 2' 2 72222 2i2 ? 2 222 2? 2 2 22 2 2722 7~?

3 31333 3 3301,333 3333 333 3,33333 333333 1333 3 3 33,3 23 333 2 3 3333 3333

Is A 4 4 441 444 4 4 4 444 4 4 4 44 4 4 141r14 4 4 44 1 4 4 4 4 4 4 '4 - 4 41 4 4 4 4 4 . 4 4 4

4 I A 444441

~ l ~5 555555 5 5S55555555 515 555 5 5555555 5!1 5555 S~ 5 '5 5 555'Sb5555

S6 6 I111 6 6 C r, t0 666 666 5 666S , 6 !; 6566,66666666 566.66666 6 66 6 16 C 666 C 6 C 6'Ct 6 6F 56
A, MCDONNELL AUTOMATION COMPANY ' I

o 7 ' 7 7 7 1 7 1 '11 7 7 7 1 17 1 7 7 1 7 1 1 1 1 7 7 7 1 T 1 1 1 1 7 7 10 7 1 7 7 7 7 A 7 7 7 1 7 1 7 7 1 7 7 1 7 1 7 1
3 isss s'63 A 33 3' I IIee,• .33-21 1 s , s ' :

I ,• .. , ,

S9199 499999 3999,999909•90099 99S91 olo00 ,9 9995909909 99 50999,909991 999932]9295 g99399599

A 1 'C ''11'?7f?13'lAIl''. A . 3A:, l' ','3 LI A ''



CARD NU•BE- 2

COLUMN FORMT DATA DIMENSIONS

1-10 E10.O Inlet I. D.. IN

11-20 E10.0 Outlet I. D. IN

21-30 E10.0 Poppet Mass 
LB-SEC2

IN

31-40 E10.0 Spring Constauit LB/IN

41-50 E10.0 Max Poppet Stroke IN

51-60 1 E10.O Spring Pre}.oad LB

61-70 E10.O Orifice Diameter IN

71- 8 0  E10.0 Dischazge Coefficient -

= *1

il EXAMPLE CARD

6 1 *?Q7 2?1 4lfl ??44912 1t 167'i' 11 . 44 1-.'

2? 5 ?4 .5 6 2,• Z4 0 0. % 1 1 ý ,-1 1. 1 , .. •,:

00 0 ; a a o 0 0 0 0!0 00 50 e0 0 00 6 00 a 0 ~ 0sag 01 0 0 00 0 00P0 a 0 0!0 0 0 t 0 P 00 a0 00 0 ma! 0 07 061 a! 0 U 0 0 00
I l 1 1 I I 1 r) I I I 2 t I 11 71 If 1 1 ;11 : II It I I I I 4'I I 1 1 I4 I Ii I 1 .6, I ii 1 o 7 ,

3 3 3 "" ! I I
2 7 2;7 2 72 2 22 22 2,2 72 2 27 27 21?2,77 ?7 02 2 7?22:7 2222 2 212z2 7 222222222 17 212 27?27'2 77 2I2?1?2 2 2?7

333 1:3 33 j 3 333333 3 3ji 3;3 333 1 3 j 3 3 33 3 33 3;33 3 133 3 33;13 3313 3 33 33 1 23 *!3g 33 33 j 3133? 3ý 1

S 44 4444444 44444444 !4 444444 444444! 4 44444 44

414 4 A 6 6';: 4 4 4 6':4 ' 44''' 76 4II 71 II 74 4,1 4 4 4 46 444 444';44 7 4 6 4 4i4 6 4 I. 4 1

5 5 5 5- 5 5 5 5 5 5 !5 5 5 3 5 5 5 5 5 5 ,5 5 5 5 5 5 5'5 55555 5 5 5 515 5 5 i S 5 5 555 555 5 5 55 55 5 5 5 S 555 5

6 5 a $1666666666665616 ;666 6 66656156666 666166661
166 66 6 66.o 6 6666 6 66 6 6 6 5 6 6 666 6 6 5 , C 5 5 6 616 6 f I R

N4COONNELL. AtJTc"4AToN CO0V A PAVY

7 7 17 7 7ilI1~ 1 7777 1111 77771!771 70 1 1 7 17 1 717 7 77 7 1 1 1 Il7771 1 1 1 1 11? 1 1 111 1 7 1 12 7 1 I 1 1 1 1

a I 888 :00 a • A 1so 1. is 88Ri I8 , 'l "Al! 11a1 A Ae A 18 s A A a1 m a A b A A ' I A A 8 a A A o a All 8 A's A u ia s A! 8

9.9-S 99 999 19 9 ,99 9 9 9 1 u 9 ý91 9 1 99 9 1, S,, ;g g 1 9 1 •9 ;q 9 "9 91 9 9 q qj9- 6, - j993 3 q

6,33-3



6.34 TYPE #34 TWO STAGE RELIEF VALVE

Connection No. 1 Poppet Seat Pin Seat Connection No. 2_.-PnnectiongN.

10 0 S W O 00 0Free

Poppet

Pin- Relief Port

FIGURE 6.34-1

TYPE NO. 34 RELIEF VALVE

The two stage relief valve is a high response device used to limit

pressure surges and to compensate for slow pump pressure controls. These

type valves are used in the F-4 and F-15 hIVdriuilic svstels and ace

manufactured by the James Pond & Clark Division of the Circle Seal Corporation.

--6.34-1



CARD NUMBER 1

* COLUMN FORMAT DATA

, *! 1-5 15 Component Number

6-10 15 Type Number = 34

11-15 15 Number of Real Data Cards 2

16-20 15 Line Number (with sign) attached to Connection 1

21-25 15 Line Number (with sign) attached to Connection 2

26-30 15

31-35 15

36-40 15

41-45 15

46-50 15 ........

51-55 IS _____________________________________

56-60 15

61-65 15

66-70 15

71-75 15

7 6 -80 15 Temperature/Pressure Code (See Page 4.0-2)

EXAMPLE CARD

11 1 00au 0, 1006 0 00 0 00 0 00 10 0 00 a a a 1 0 000 0 00: 0 00 . 00 aD0000 UI ! 0 0010a0 a0 00 00 0 00 a a a
v ?1 71' l i s 1 1 1) I I 14 7A: 4 1 A AltI t: A I 12 t 'l ~I ' to2. I: I A: 14 H 4,9 71 '1' ]

I I 1 I 1I I I I 1 1 1 1 I I I I I I I I I I I I I I 1 1 I I I I I I II 1 , 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

I Ig• 2227 2l~ 2 2?2 227?2-2???? 72227,,272222772:2??77222272'727277 2?P 22 722 722 22:22? 22•?

S3333,; 3333333323,333333333333333333332'3 333` ý3ý"'i3 3333.333 313333333

444 44 44444 4 44444444 ' 444 44444 444444444444414444444 44444444 44 4 4444444 44444
, " :, I ;! ' I it : 11P 1, ý:I, 11 it d i, C 5 612 i. 9' , .. .,41 i' 11 1 :1 4 ',i

"I66 6 6 65 " 8
6 b 666666'66665666665666-6-666 6 6 E 656 E 66 6666666666 6 6 I 6' 6 6666'6666166 66

M•CD•7)INNELL AUTOMATION0A COM4PANY i,
I 1 7 17 1 1 7 1 7 7 ? 1 1 17 7 1 71 1 17 1'1 17 111 I 1 1 7 1 7 1 1 I 9 1 I 7 1 711 7 1 1 I 717 1

n9 9 1 9 9I9 D I ', o' :I

99999999 9 9 9 9 99 ' i 9 9 q99999 99 9 9 , 999I 9999 9 999991 999991 99 99! 999999999 9 9 990999999

Lh,.. _____-__-6.34-2.

,;6.34-2



CARD NUMBER 2

1.1
COLUMN FORMAT DATA I DIMENSIONS

1-10 E1O.0 I Poppet Diameter IN

11-20 E1O.0 j Maximum Poppet Displacement IN

21-30 E1O.0 Poppet Spring Constant LB
.... I . TN

31-40 E1O.0 Poppet Spring Preload LB

41-50 EIO.0 Relief Pressure PSI

Pin Leakage Coefficient at Poppet (Anular
51-60 E10.0 Passage Between Poppet and Pin) CIS

Pin Leakage Coefficient at Seat (Annular PSI

61-7 E10.0 Passage Between Pin and Pin Seat) cis

71-80 I E10.0 Diameter of Seat Relief Port TN

EXAMPLE CARD

:IU" 1 !i|

ann H
l, IN

II.- PROPRIETARY INFORMATION

rn i

R -_. - =-• -.-- = = = ... ' : - • • '. .. _ • ." .• < - , , e - - -""•' i , L



CARD NUMBER 3

COLUMN FORMAT1  DATA I DIMENSIONS I
1-10 E10.0 j Pin Rod Diameter IN

"11.. ... 1 LB

11-20 E10.0 Pin Spring Constant I

21-30 E10.0 Poppet Damping Factor ILB/IN/SEC

31-40 E10.0 Angle of Relief Flow D EG

41-50 IEiO.0

51-60 E10.0--l-

EXARDPLEBERD3

JOIN

n___---_ -

irnB/ /II

i 21-30 E1.IopeIapngFco

SNII, PRPITR NOMTO

i M I I

• -- m

SEXAMPE CAR

Eu --

E'-u 111
-- -' U ~



6.40 RESTRICTORS

I There are several varieties of restrictors, including the simple orifice,

I Lee Jet and two-way. The following type is currently included in the program.

Type #41 Orifice Restrictor (REST4l)

6.40-1



6.41 TYPE #41 ORIFICE RESTRICTORS

Connection No. 1 Connectiorn No. 2

Orifice Diameter
GP74"0773 7

FIGURE 6.41-1

TYPE NO. 41 ORIFICE RESTRICTOR

Type #41 orifice restrictors need only the line connections and

orifice dimensions as input data. Connection #1 can be assigned to either

end since the discharge coefficient is assumed the same for flow in either

direction.

6,
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CARD NUMBER 1

COLUMN FORMAT DATA

1-5 15 Component Number

6-10 15 Type Number = 41

11-15 15 Number of Real Data Cards 1

16-20 15 Line Number (with sign) attached to Connection 1

21-25 15 Line Number (with sign) attached to Connection 2

26-30 15

31-35 15

36-40 15

41-45 15

46-50 15

51-55 15

56-60 15

61-65 15

66-70 15 ....

71-75 15

76-80 15 Temperature/Pressure Code (See Page 4.0-2)

EXAMPLE CARD

4 U

00 0 00 00 0:0o 0 0 00 o 0 o0 00 0 0 a o00 oa otf o a ano a o co;eooi ea000 0 0 0 00 1 0 0 0 0at0'0 0 0 0 0! 0 3 0 a 0;5ea0 Ol00 0 0 ; 00 ýý
.4•': + ,i ' 1 14I'l l 1 1 I I II )l l I , Ii 1 I I I 1:" I i I I VI 1

2? 2222 7 222 2 22 ? 2 222 2 " 2? 222!2 72 27 2 22'? 7 2 2! 2 2 ? 2 22;227 2 222 ? 2 7222 7 2 22 2 2 ? 7 27 2 22SI

33 33333333 1 33 3 23313 3• 3333 3 3• 33 1 1 Ill 313•333 313 3 3 1 313 3 33313 1 3 1313 3 1:3 1

I4 4 4 4444 44 4444 4 4' ' 44 44 14 44 4 4 44 4 4 4 4 4 ' 4 4 4 4 4 4 4 4 4 1 4
I I , , ,4 I I * 6 1 4 "

5555 545,5 5 . S. S S 5 j ss s5 55 5l5 5 555 5 5 5

66 6F6 6 6 6 66 2 .6 6~ 66 , ' F A 6 66666 6 6 ý: 6 A 6AGrA 6 16 26 6 6 6 6 F6 6 66 616 f,666 6 6166 66 616 6 6
P$CtONNVELL A07rOA.4AT10fV ('ON4IF'A1,'Y ,

80 ! 810 I llp 8 088 1 . i R a II I I 1 ' 8 8 a I r98,i6 a 1 8

999 999 9 i 9 90999 1 9 3819999 1;9 39 q 99 .9 9 90+9 199 9199 9 9 99 99 19999 9 9 9i-, 4 4 4 , 4 4 ) ' I ' ' 4 I I I I! 0 44 4 0 64 1i -2** ' 4 4 4 4, 44 01 4 0 '' " 4 44 4 4 40
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CARD NUMBER 2

COLUMN FORMAT DATA DIMENSIONS

1-10 E;.O. Orifice Diameter in

11-20 El0.0 Orifice Discharge Coeff.

21-30 El0.0

31-40 E1.0. 0

41-50 Ej0.0

51-60 E10.O

61-70 E10.0

71-80 E0. 0
| i.,, I. . _I

EXAMPLE CARD

- k

A 'I I II

0 D 01o :0 ao010 G0j 001000 060 00 C0 00 a' 0 0 6530 1a010 0 0ua0 0 0 00:40 000000 0Col0 0 0010 0 0000 00 0 oaao0 oG oo0 00 0

?' ? • '2?2 7 72 '? 2 7 7 2 2 7112 2 2 2 ;7 7 2 72 2 2 )2 2 2 22 27 ?2 7 2 7233,2 7 2 2 12 2 2 7N 72'2 7,2 2 2 72 72 2 7•

A 4 4 4 4 A 44 4 4 4 A A 1 4 44 4 4 1I 4 73 4 4 4 4 3 4 4 4 ,3 4 4 .1 3 4 44 4 4 4 4 4 4 4 4 A 3541 4 4 4 11 4 4 4 4 344 Z 4 44 4 4 4 4 4 4 4 4 4 4 4 4

*44 I I I 1 : 1 1

A, ,7 ! 18 p 0 [ p is a 7I I F a 71 ' 8 '3 a ý a I I I a3 1 4 1 8)'' : 8 a 1" ' 1 1 1 b af 87 1 6 a S S! a i I oi a 8' 8 ) S 9( 1i A •

q 3S
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6.50 PUMPS

The dynamic characteristics of pump require a comprehensive list of'

input data. With experience the programmer will be able to select some input

parameters he would like to change from this input data, for varying the

pump characteristics. The following pump types are currently included in

the programs:

Type #51 F-15 Pump (PUMP51)

Type #54 Space Shuttle Pump (PUMP54)

6.50-1



6.51 7YPE #51 F-15 PUMP

I Pump Outlet

Compensator Valve

i• Stroking
1 1 .__Piston

000000000

Hanger

FIGURE 6.51-1
TYPE NO. 51 PRESSURE REGULATED VARIABLE

DISPLACEMENT PUMP

The AbEX F-15 pump simulated by PUMP5l is Derhaps the most complex of

' ,all the component subroutines and its dynamic characteristics are sufficientiy

complex, to warrant special treatment.

In modifying pump variables the user should be very careful. A pump is

essentially a complex underdamped servo system which is prone to instability,

* and it is easy to make it worse,

6.51-1
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iI ~In developing the model it has been necessary to assume certain

damping characteristics and estimate others. Some of these characteristics

do not fall within the classical concepts of damping, so the result is a best

guess. Subsequent verification testing wili show if this guess was correct.

* For details of the damping factor derivation see Vol. II.

The ABEX F-15 pump has a fast response going from 10% to 90% stroke in

approximately 15 milliseconds, so the user should take care in designing the

system, to avoid cavitation problems, caused by rapidly changing flow demands

in the suction lines.

The input data for the F-15 pump is specific to that pump and cannot be

used for other pumps.

6.n1-
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CARD NUMBER 1

COLUMN FORMAT DATA

1-5 15 Component Number

6-1C I5 Type Number = 51

11-15 15 Number of Real Data Cards =

16-20 15 Line Number (with sign) attached to Connection 1 (Inlet)

21 - 2 5  I5 Line Number (with sign) attached to Connection 2 (Outlet)

26-30 15 Line Number (with sign) attached to Connection 3 (Case Drain)

31-35 JI

36-40 i5

41-4.5 15

46-50 15

51-55 15

56-60 15

61-65 I5

66-70 15

71-75 15

7(-80 15 Temnperature/Pressure Code (See Page 4.0-2)

EXAMPLE CARD

"ý 1 i CI O a ,, 0 B' 1 I v ~ : 0 10 0 a0 Ino 0 C0 Gl o o ~ 0 00 DID0 0 0 0

7 1 7 ' ' 1 1 1

I 6 -I 'II III 8 8 85P I I 8 P858

1 2 21- 2 , 21 2 22 2 7 2 2 2 2 ' 7 22 ) 2 E 2 2 2 l 7 7 2i ' }, 7 7 7 7 l 2 2 2 ý ! " 2 2' 2i 7 7, ? ?1? 2 27 2 ? ? 2' 2 7 2 ) 2 2 2 2 2 2ý 2 7??.. . '

gg3 3 3 3 3 139 9, 3" 3 3 :3 3~ 95 ' 1 ; 33 1 1 1-1 3 3 9 9 333333 333 333 3;3 3 9 339939

"6.51-3
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CARD N•MBER 2

COLUMN FORPj•LATT DATA DIMENSIONS

Pressure at which valve begins to open
1-10 E10.O from outlet to actuator PST

11-20 E10.0 JValve spring rate LBS/IN

21-30 E10.O Compensator Valve Area IN**2

31-40 E10.O Slot width IN

41-50 Ei0.0 Flow force on spool LB

51-60 El0.0 Valve overlap

61-70 E1O.0 Discharge Coefficient - Outlet to Actuator --

71-80 EI0.O Discharge Coefficient Actuator to Case I

EXAMPLE CARD

.i 4 AL jA

S , O00i) O',O00Z- r0O0000'OOO ,GOO00 000 00 000 l 007 '0 • 0 O 0{•.0O 0 0O • O O 0Y 0 0
aa0 00 ;0 0 0t 1 1 Go0 00 00 0 0 1 0Bn1 0 00 a0;0 00 i 0!0 q0 0 000 re '0 0ý80 0n0:0 0P0 0! 30 0 0 0010 0000

"'" IIt Il1 I11 1 I I i 1i II-I I 1 I 1II I 1 1 I I 111! 11 1 1.II 1 I ,= I I I 1' II'1,l ; 1

I I 7 17 1 1 i 1

333 33,33333 333 3 333 3 3 333 33 3j3 3333 3 31333333313333 3 3 3 i333 ,3 3 333 3. 33 33 3 33  33 3 i3333

444i444444444 i4 444444444,444444444444•444 14441, • 44i44 444444444444444444.444444444

6 1 6 6 6 56G 6 5 5 65 6 6 s 5 65,5 6 6 6 ;s 6 6 6,6 6 6 56 6 6 5 5 S 6 6 6 E 5 665 6 6 i65 5 5 _ 1 5i5 6 C

S, I AICDONNELI.. ALITOMpArI,)N C L)&4As Y61:- • ~~ ~~~~ 7 T?1 1:7 1= 71 7 7 Ill 7 1 1 77 7 1 1 Ill I I I I ; t777 • 7 7 1 7r 1 77 77 77 771? 777

a1 8: 81 888 88 8106 1 i i Io I Il a I I 1 I I a I' 8 8 a 8H Si 48814818a

9 9 9 9,9 9 9 9 9 9 9 9 9, 1 9 9 9 9 g 93 9 • 9 9 9 1o 9 9 1 1!9 1 1 9 9 9'9 9 9 Ill 9 9 9 9,e9 9 9 9,9 9 9 9 911 3 S 99) 9 9 9 19 3 3•• 9 9 1
14 j t 1 1. 71 II7A? 11 ýj II 11 3 A4 A 13 It I

-6.51 -4



CARD NUMBER 3

COLUMN FORMAT DATA DIMENSIONS

i-10 E10.0 Actuator Area IN**2

Actuator Pressure Due to Spring Force at Zero11-20 EIG.0 Pump Displacement PSI

Actuator Pressure due to Spring Force at Maxi-
21-30 E10.0 mum Pump Disndacemen, PSI

Actuator Pressure Due to Piston Acceleration
31-40 ElO.O @ 3600 RPM -- IN**2/SEC

Actuator Pressure Inputed at 3600 RPM and P

41-50 E10.O Zero Pump Displacement + I PSI

51-60 E10_.0 Pump Disnlacement

61-70 E10.0 Slope of Pressure vs RPM Curve + PSI1/RPM

71-80 E10.0 Hanger Damping* PSI/IN/SEC

* = Referenced to Actiator Pressure

+ = Excluding the effects of pressure due to the spring and pumping piston
acceleration.

EXAMPLE CARD

So o , ooo oo ,oo oo *9 o.'?4e,,o, o oooo,4,0e s.,. . * *,,fl ,*
* . 7 , . d ?0 lW . 4 P 4. 2 ,, 1t4. 11 4:* 4s~ ,

0 0~ 0 : ; ! ' a a?? 0 0 00 0 010 0 . AIIG½ : 0r I 00CO0 ' a 0 ,0 0 n0Oý 0 Oea 1

; "22222222;2 22 222 22:227 2 . '?22.. 222?t 72222 2222?? .. 222';'., ' , ! 2' " ", 'i 2 • 221 2* 2 22 2' 2 "2"1

31 :3' 3 1 3 3 i3 333 i! 3 33 33 3 3 33 3 3 3 !3 3 N 3 313 ' 3 jý 353 3 3 3:31313i 33 3 3 3 331

44444,444 1444444 4144 4 44 4 44 444 44 44 4,4 4 4 1 41344 d ,4aIS 4 4 4 ,4 44 : 4 4 4 4 4444,4444 j j •• 4
I AF I

\ "555S,55535S3 55G56555555 33 551GS55 jI3 . 3 553 5 5

6 6£ 65 665566666566 6 66 6 6 66 16 686 6 68 6 1 6 56 E 6 6 6 6 66 666 f 66 65 66 6 6365
MACDONNFLL AurOMATIOIN COMPANY

1 7 1 7,7 1 a ' I 1 11 l l I)' 1 ] 1 17 1 7 " 7 71 1 . 1 7

a ia i!e a IaS I I 8 I a I I I I j I 8 65680080 0 8 8 8

9 9 999 Iq 19999919 q 9 98 9 9"." -gill 91l 999, 119 9 9 99S 1 S q 999,9q99 j 998 9 9 3



CARD NUMBER 4

COLUMN FORMAT1  DATA DIMENSTONS

1-O0 EIO.O I Theoretical Maximum Pump Displacement IN**3/REV

11-20 ElO.O Maximum Actuator Displacement @ Maximum Flow IN

Minimum Actuator Displacement @ Minimum Pump
21-30 E1O.0 Flow ( -'e) IN

34 Coefficient of Actuator Leakage I
31-40 E!O.O at Zero• Pump Displacement CT,/PSI

4 0 0 Coefficient of Actuator Leakage
41--50 EIO.O at Maximum Pump Displacement CIS/PSI

51-60 E EIO.0 Coefficient of Pump Le~ilage CIS/PSI

61-70 E10.O Coefficient of iLeakage from Case to TrleL CiS/PSI

71-80 EIO.O Case Volume IN**3
L I. __ _ __ _

EXAMPLE CARD

00a C 0: a 00 a I aa0 a 0 a0 000OD0 q9C. eCO00ala001

71 1I 1 71 17 II 711r 1~ 7 7I 1' 1 7 71 I I 11 1 i I I 7 i '7 7 , ( 11Ii! { ' 1 )7 I1I!II 77! '

• ';~ ~ ~ ~ ~ ~ ~~~~2 2 3 i 3 3 i3 3]3a3 3it2 ' 2'2 ?? 222 2 2 2 2, 22222222272;2'72212272 ý! .2;{2 2 z•;• , (. ,, [133 1 ! 21 7 a 1 V? 2 2 . .- ] !2 .. .. . 72 ''''•' . . . .. . 2 di 7 2 2 2;2 •2 2 7

ils3 a 3 33.33j33333331333 N, A 3isa 33l i 3 a l ,3 ... .so, 1 Iý7 3 333 1359 3 81!3 ;J J 368556644444444 4 Y 44 4 4 4 4 ,4r4 4 4 4 4 4 4441444 4 4 ,4 A 4 4 , I1444:

II I I 1 I 7: 1 1 ; 1 1 1 1 1' 1 1 1

• i _lt8 1) 8 a, 8 19 1 a I) I a I i i I I I I I I I, 1 I 3! ( I~ I I Fl 1 4 1 I I .81 3 . 1( 1 1 q ' a: ( 6 ai 8 4B 8 3 I ' 8) , B• a 8 9 0' U

-g q 9 91(1 ,9 9!9 999 9 19 9 9S 9• 9 11 9 1 , 1 999 ,9 1.91 9991999 9 9 S9 9 9 9Ig s - 1 4 9 9 .9 S j 3 99
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CARD NMIBLR 5

CCLUMN FORMATI DATA IDIMENSiONS] I

1-10 ElO.O Minimum Inlet Pressure PSI

11-20 ElO.0 Pumo Operating Speed RPM

Coefficient of Outlet Flow Due to
21-30 E1O.0 Actuator Motion ClS/(IN/SEC)

31-40 E1O.0 Maximum Valve Displacement IN

Pressure at which valve is open from
41-50 IEIO.O outlet to actuator

51-60 EI0.O Hanger Inertia Referred to the Actuator LBS-SEC**2/IN

61-70 E10.0 Actuator Volume TN**3

71-80 E10.0 Outlet Volume IN**3

EXAMPLE CARD

4 4 t ',' 2? 4 4? . .. . H,' •' -, ' , ,,

0o a a o , -Caaa 0 0,Go ,,ao oaooo o 0 o 00 1' Q- 1; 0 jG 0000 0£ 00 jO 0 4 9 01 0 . 4

S4,4 A 41 4 44 4 411 14 4 4 4 414 4 4 4 4 , 4 ,4 4 4 94 4 44 4 4 4 44 4 4 44 4 4 4 4 4 4 I1 4 I4 4 4 4 4 1 4 4

! 6f • I 6 , 6 k 6•• , ,l , E 6 6 J 65 6 ý 6 6 f 6 ý ! 6 5 i 6 6 ,6 6 6 6 G ýG 6 5 5 6'6 6 6i 6 616/ 5 6 6 6t 16 6 6• 6: 6i , 5 6 5 1 6 6 b b 6 6• 6 5 6 5 65 }
:-_•]! ! ,• MCDONNELL} AurOlkT IOif~io COMPANY ' ,•

-- ,+, t, I

Le , 1 6 II i 8 8 q IIII E I 1 . 8 8 e !i A 1 8 1 A 8 1

q) 9 s 1 . 5 9 9 • 9 9 9 3 ,"'11 9 1 $ 9 9 1 tl! 9 9 9 91 99 9 9 9 9 99 13 9 1 ! 91 9 9 3 ý9 9 9 9 S 9l 9 9 9'9 i 9 9 9 9 9 3 j 9'9 ý9 9 9 1 9 9 3 •
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6.54 TYPE #54 SPACE SHUTTLE PUMP (F-14 PUMP)

"PurnI) Outlet

Compensator Valve

Stroking

• • : Piston

0 000 00 0 O000

0 00 0 0 0 0 0 O0

Hanq(er

FIGURE 6.54-1

TYPE NO. 54 PRESSURE REGULATED VARIABLE

2 DISPLACEMENT PUMP - SCHEM4ATIC DIAGRAM

Type #54 pump is a simulation of the ABEX F-14 pump. In developing the

model it has been necessary to assume certain damping and leakage characteris-

tics and estimate others. See Volume II for an explanation of these charac-

teristics. The pump is essentially a complex underdamped servo system which

is prone to instability. The user should be careful in modifying pump vari-

ables to avoid meaningless output.

The input data for th- P-14 pump is specific to that pump and cannot be

used for other pumps.

6.54-1



When using the PUMP 54 model, the selected system or systems can

initially be depressurized using a coded system number in columns 71-75

of the first data card.

Card
Column

31-35

0 = All systems are normal.

+N= System #N is normal, all others are depressurized

-N = System #N is depressurized, all others are normal

This indicator is used by the Elevon, TVC and Rudder speedbrake sub-

routines to determine the initial positions of their switching valves and

the system which is supplying the secondary actuator leakage.

Depressurization or repressurization during the transient simulation

can be initiated by inputting a time value in columns 41-50 of Card #5.

6,

6.4-



CARD NUMBER 1

COLUMN FORMAT DATA

1-5 [5 Component Number

6-10 15 Type Number = 54

11-15 15 Number of Real Data Cards - 4

16-20 15 Line Number (with sign) attached to Connection 1 (Inlet)

21-25 I5 Line Number (with sign) attached to Connection 2 (Outlet)

26-30 I5 Line Number (with sign) attached to Connection 3 (Case Drain)

31-35 15 System Number

36-40 15

41-45 15

46-50 15 ... ......

51-55 15
56-60 15

61-65 15

66-70 15

71-75 15

76-80 15 Tem-erature/Pressure Code (See Page 4.0-2)

EXAMPLE CARD

m ... . .. .

1 I 1 1 I I 1 1 1 I I 1 : I II I I 1 I I' I II I II, I

2277,7,2222? 2772222222?27 7,222217777 '.?2,7777277 7 7' 7:77. 22 727 ?

333 3] 333313333ý332333333'33333 3331 311 313333 33 3!] 33333 ' 313333 3 ?3233133 3 '3

is 1i 4111 3~444144 ,4 'I4 4~~

I III

mc tooNNrL.L litroA4A rio N J,70&A~v
1 ' 7 7 8 7133 113 7I' 3 7 77 7 A 1 I I 1 A 1 1' 1' 7 11o Aa'' 7a 8 1 1 1

S--0-"09 08 8 .S10 I~I 0011 I iuoms os 0 I S 0 '3080 00 80lS I008008 •!l HO 80' 80 eS01018 I SI 0. e•

I 99 1 9 91, 9 3 9 t lq II1 1191119 ,1,, gil 95I99999 9I 9 9 9999999919 i 9 9 9 9 9 -
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CARD NUMBER 2

COLUMN FORMAT DATA DIMENSIONS

Pressure at which valve begins to open
I-i0 EI0. from outlet to actuator PSI

11-20 E10.0 I Valve spring rate LBS/IN

21-30 El0.0 Coiapensator valve area I IN'*2

31-40 EI0.0 Radius of valve port IN

41-50 HEI.O I

51-60 E10.0 Valve overlap IN

7 .i
61-70 El0.0 I Discharge Coefficient - Outlet to Actuator t --Cs

SI I
71-80 iEI.0. Discharge Coefficient - Actuator to Case I --

I. _______ I I

EXAMPLE CARD

c •c .. • 1,, . li * " k4't?,,. 2., . ii' i .

S0 03 0; 0003 0 00000 0 060 11 O1 3 0 3 1 01 0 o1301 0 3 u3 0 3 0 0 0,30 3a 1 j 300 0 00001 000 030 O

aI jI 4 4 4 i 444 4 - , 44 A 1 2 4 14'2 I 4 4' 4214 44 1,44 4 1 49 49 4'. 4 4 4 4' 1 4 4 , 4' 4 4 4 4

i i 6 I. C " ,. -

i •.ii i: : 1T ?, ~ I A A 1,4 1 1• a ! , 1 +ITi!, ;ill I• • l !l I i ! 7 l ? I • i • . . i ); , ,

3 -3 3 9 9,3 33 9 1 q 9 9 .1 9 1 9 99 1 q. 9 9: ll q 9 1 9 q2 9 9 9 F 1 q7 I 92 9 q 1 9

+.,. .. , ...... 6.54-4



CARD NUMBER 3

COLUMN FORMATI DATA DIMENSIONSi1-!O E1O.O j Actuator Area -N**

j 1 ') V t uI ; i t o r - P r c s' s u r e• lI u t i t o S ~p r i n g F o r c eP s11- 20 E 10 .0 ýIt Z ero' Oup i s ,plm w ementP i

A't1l-2tO P__'.,sti_' IDue to Spring Force at

21-30 El0.0 "lý)XiIWIM I'l Displacement PSI

34 EActunator Ptrtssuro Due to Piston Accelerationi

3140 El0.; at i6o(d h2IPM and Maximum Pump Displacement PSI
41-50 IEl0.0 Actuator Pressure Inputed at 3600 RPM and

Zero Pump Displacement + M

51-60 El.0 0Actuator Pressure at 3600 RPM and Maximum
51- 0"E . Pump Displacement +

61-70 E10.0 Slope of Pressure vs RPM Curve + PSI/RPM

71-80 E10.0 Hanger Damping* PSI/IN/SEC

* Referenced to Actuator Pressure

S. t 4 P,7t,. 1 30. 4 7 . 24 .. J'2: •.a 5+o a `(' Lid a nonaaa th efet n o f a a 000na acclrto an spin forces.002 i a 2~

0 0 0 0 La a a a_ 0, 0 0 0 3 00 a a 0 C
."1 22 ?12 1 2 N 1! 1. t i0 1.

7t I t I I I t i I i 1 1 I 1 1 1 l I I I I I I I I I I 1 "1 1 1 1 1 1 1 1 1

222222 22 722 7 2022 7? 012 7?201ý 2 02 22? 20 2220021 21 2 00 2 2 7 2 27 ý _7 2! 22 7 272 22222 '1?

3 1 3 3 333 3 3 j13 3 133 24 3 j! 333 3 1 1 33 3 321 3 i 3 3113 3 33333 3j, 3 3231 j !ý 313 1 3333 33

4444 4443 14444,4 44 4 4 44414 44 4 4 4 1 4 4444444 444 4 4 4 , A4 444 444 ,4 4 4 4 4 A A

~~~~~~~~5 5 5 S 5 55 • 555 1 5 •h5b555, :

6 6. 96 6 56 6 6F, 616 6 F, 6 E 6 C, I ýS :, 666616666 6 6 6 6 6 61r 6 2• 6 ' r S F E

&4 t)o.N!L. i A-r 4 7, )- 4V14-

aI 0 I 8 0 ago 8 -ia 8 ' 816111: q ;11 6 8 s .%1 F 5 1 '68$i801 09 8 96 t P 6

9m9 q9 1 9 9 9 . 9 9 9 9q1 q 1 9 9`,6 9 I- 9 9 1 9 1 ! I 1 9 9.3999 119 9999 9 9 9 99 9 :9
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CAaxi ,ii:-' P,,17j)
11-20 E 2 j.0'DiMLLiL- c7 e

a t.
C- I

1-10 Theoretical Maximum Pump Displacement I'**3/REV

,',,' toot,' o pn iti 1 rn at M .a i.-.,.r P41TO

11-20 ZlOr'j i __.___l______ ______ __ __ __;

I I--

51-0I Coefficient of Actuaor Leakage
i'}at Maximu Pump Displacement 17/S

I ) Coefficient of Auap Leakage .

Case Volume

7- •0 L!O C s ol- - -____

04, ..1 , .-i Al 1 , t 3 to. -

il -... ....

" 2: l ?22 : I :i, 222: ' 2 22 :2! : : 2. .7 2 7.. ' 2

A.~~A UTOLA"A 70 C)~ N

I l II e a a 'i • I 4 .. I ; 1 d ! ' i 4i;i4 I S '0 - I I3 8 d 1 ;IS I ' 'lill.. . • ... . .' "6
SI

39333 333 I ' ] '91 " 1 919 ; 3J9 II, 31i 3 1 ¶ 1933i•

....................................- •. •i- ...



CARD NUMBER 5

COLUMN FORPbAT DATA D IMENS IONS

S1-10 EIO.O Minimum Inlet Pressure PSI

11-20 E10.O Pump Operating Speed RPM

21-30 EIO.O Coefficient of Outlet Flow Due to

_______ Actuator Motion ...... .

31-40 Z1O.0

41-50 EICG.0 pressurization/DepreH ~uri.:it l Time j SEC

5 511-60 E10.0,

il 61-70 EIO.O {

• , 71-80 EI0.0 (

EXAUMPLE CARD

0 10 1 6 0~ a ala a r 0,0 a 1 0 a 0 0 0 0 a0o0 0 0 Ole a a C DI 0 0 a' a 0 3 a0 a 3 0 D 0 10 0 0 no J J 0 0 3 a1 0 0a 0U 0 U 0a0 0 0

I I I I I I I . 4 j I I1 I I I I I I 1 1 1
Til

"4 4' £" 4 4') 4 "4 1 44 g 4 .... . .. .. "4 . ... . .. . ... . .

W4 4 I4l4 4 I 44 44 4444 j' 44 4 .9 41 4 1 4 4t 4 a 11 1' 4 1' 44 1, 9 9 q 94 4 1 9 441 44 4, 1 1 4ý 3 ii4 4

S m, ••: •.', ,•6.54,- 7



6.60 RESERVOIRS

There are a number of types of reservoirs which need different methods

of analysis. Among these are, constant pressure reservoir, bootstrap

reservoir, trapped bootstrap reservoir and reservoir with RLS and bootstrap.

The following types are currently included in the program:

Type #61 Constant Pressure Reservoir (RSVR61)

Type #62 Bootstrap Reservoir (RSVR62)

6.60-1



6.61 TYPE #61 CONSTANT PRESSURE RESERVOIR

Gas

Oil

Connection No. 1 Flow Connection No. 2

-Flow

FIGURE 6.61-"

TYPE NO. 61 CONSTANT PRESSURE RESERVOIR

The Type #61 constant pressure reservoir which ts used for test simula-

tion purposes, requires only the connection information and the reservoir

pressure. Any of the four connections not used are blanked off.

6.61-1
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CARD NLABER I.

COLUMN FORMAT DATA

1-5 15 Component Number

6-10 I5 Type Number =61 _____________ ____

11-15 1 1 Number of Real. Data Cards =1.

16-20 15 Line Number (with sign) attached to Connection 1

21-25 I15 Line Number (with sign) attached to Connection 2

tt

26-30 15 Line Number (with i~ign) attached to Connectioni 3

31-33 1 Line Number (with sign) attached co Connection 4

41-45 15 {
56-60 13 yeNmbr=6

6i-(15 15NubroRelDa ad =1
5b-25 15 _ineNumer (wit sign) attached to Connection 2 _________

26-uS0 15 Line__Number_ (with__ __i_____attached_____o___onnect___on__3

71-75 is

7 6-80 15 Temperature/Pressure (ode (See Page 4.0-2)7.EXAMPLF CAi( O0 0 2222?22222-22'27 22 i22-5l-i, 0 50 0 a'

333 G 00 00a000 01 0 00 3 130 00

66-7 I 5

7 - 5 5 5 5

44444 14 14444! 1 .14444 4444444 44. 4 4 - ' 444 ......44444

" ' = ! I t I ' , I I I I . .4 I. I: 1

6 S G 6 6 6 6 6 9 E 5 F5 5 6 16 u 6 6 I S 5 6 5 6 ; 16 E 6 6 E F b F, .L

"P0 " I 1I1 8 t 8 1 a a -. •1 8 d I I 1 .4 P 8 1 8 3 F I S 13 1 I PI F

S", . .q E 1 8

•3 3 ; 9 o ],q,3,,29 99989 09 91 9193 '9 993 0i 9 3312 933 i 73 , a33 ] ,? "3-3 93 1 3

4,+4 1!44 44444 44'1 1|44 i~ fI.4444 444 h14 -2 4 4 ' .• . + .t : 4 ' 1 4 +' ,• • 4 4



CARD NUMBER 2

COLUMN FORMATj DATA -DIMENSIONS

1-10 E10.0 Reservoir Pressure I psia

11-20 E10.0 I

21-30 E10.0

31-40 E10.0

41-50 E10.0 I

51-60 E10.0

61-70 E10.0

71-80 E10.0

EXAMPLE CARD

F,

A ?1 0 0 0 0;0 * a 0 C , 0 0 0 000 0 0'08 000O0D3 0 n l0 030 0 OOFa0 00n I , V0 b a 0c D6 c0 n 3 G D 0,oo0 00 r
"i' I 'll 2 i 4 T 1 At A " i i i 'i i1 0 ' .1 i' i! ' It A A4 . . i1, A! i ' t , 1, 4 of

i f I l II I I I I 1 I 1 , 1 1 1 ',

4 14 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4444444444444 1ý 4 4,4 4 4 4 4 4 1,1 4 4 4 4 4 414
I: * 3 4'' I I• • , ',, o : ' 4+'l " ' • "'+ '•' 4+''4 ' 4... .. . .... ..

A ,i - 1 ' i , I

5,.66 6 6 66 666 66 F6 656 06 6 6,6666616 66i6'6 56 ,66 5 r,6 Sb 6 3 S 6 623 L3 F, 6 f5 F,
AACDOONN4LL A(ITOA4AT/IN GA.M-ANY

I- I '1 3 1 3 3 3 1 1' 2 1 7 1 1 I 1 1!73 7 7 1 3 1 ?' 7 1 1 1 1 1 7 1 1 1 ' - ' ' 1 1 ' '

14'1 !8 8 114 1 1) 1 dl 8 1 vj i 4 8 1 8 8 lill 6881836 A8 8 IF 3 1!888I 8 FF818 883a 3 9 2 l 8 8 5i 03

"9 9 i , 9 99 91199 90 919 fi 9 "gi , 9 il, 1 9 9 1 !q 1 :3 1; 1
499 g 9 . 914 ',"



6.62 TYPE #62 BOOTSTRAP RESERVOIR

Low Press Piston Area

Connection No. 2

High Press Piston

Connection No. 3

Connection No. 1 -

Connection No. 4

Cernnection No.

~ - Volume 2

Zero Low Press Piston
Stroke Volume 1 Area Exposed to Atmosphere

'P75 01C)9 14

FIGURE 6.62-1 BOOTSTRAP RESERVOIR

The Type #62 bootstrap reservoir is the type used on the F-15 aircraft.

As many as four low pressure connections can 'e used plus the high pressure

connection. Any low pressure connection(s) not required is to he left blank.

u.62-1



CARD NUMBER 1

COLUMN FORMAT DATA

1-5 15 Component Number

6-10 15 Type Number = 62

11-15 15 Number of Real Data Cards = 1

16-20 15 Line Number (with sign) attached to Connection l(High Press.)

21-25 15 Line Number (with sign) attached to Connection 2

26-30 15 Line Number (with sign) attached to Connection 3

31-35 15 Line Number (with sign) attached to Connection 4

36-40 15 Line Number (with sign) attached to Connection 5

41-45 15

46-50 15

51-55 15

56-60 15

61-65 15

66-70 15

71-75 15

76-80 15 Temperature/Pressure Code (See Page 4.0-2)

-,

S~EXAMPLE CARD

0 0 00 01, 0 a0 00 r 0 0a 0 0!0 0000 06 0 0 0 COa0 0 CO0 0 000:0 0 00 Ulu0 d03 0 0 a 0i J 0 0 01 0 n10 a0 000
1 1 " 1 I 1 I t 1 I I - - I I 1 h• 1 I l T - I I I I I I I I I I 3 I l )I 1 I I 1~ 1 ' I I 1 I i!

2' 2 2 2 2 -721 2 2 2 12 22 2 022i 2 2 2i ? 7:.2

m I

33 3;33,33 2333l13,: ,i033~3:333 2 331333 333 33 ]3 ~
444444 4 4 44 44 3 444444 -44 4,4 414 4 1 4 44 44 5 4 4 1444144 4 4 44 4 4 41

6C, 66 6 E 6 6d6 0 6" 6 2665 f 6 616 655 d F Rt 1 6 666 606 6 :. 6 5 5 os

-Ad40i84...8. - ,. , .,, .,.8.. 6:- , -3808- ___= 80 8,. , 8._..08 9.48_...___220 --5,,

59539m 92 '9395399315323~3331m •10 o i9 999



CARD NUIMBER 2

i 1

COLUMN FORPMATI DATA DIMENSIONS

1-10 E1O.0 High Press (Bootstrap) Piston Area in2

I 2
11-20 E1O.0 Low Press (RSVR) Piston Area in

21-30 E10.0 High Pressure Volume at Zero Stroke in 3

31-40 E1O.0 Low Pressure Volume at Zero Stroke in3

41-50 E10.0 Maximum Piston Stroke in

51-60 E1O.0 Initial Piston Position in

61-70 I E1!.0 0

I I I
71-80o E10.0

NOmE. Zero Stroke is defined as the Piston Position with the Reservoir Empty.

EXMPLE! CAR I)

.7 .- - - - - --...... .. . .... . .. .. . . ..... ,-

o o 2.0000 c, o 00ml 0 o~ r 0 r c c u 0 U J S 01 0 1)0 0 c 00000 a 00 00 a0 a0ý0 0 00 0 00 00 013 002 0 2000 0f0 -, 0 0 230o

1 ii l 'I 1i i 11 1 1 1 I 1 1 1i I' 11 I I I I ' , 1 1 1 I 1 I I I I I IIi i i i I

I

72 2 ,? 2 i- 1'r = "1 ? 2 2 2 ? 2 12• 2 7 2 ? 1 '2 7 •i2 72 2 ý i7 7 7 1 2 2• 2, ?2 ? ) 2 ' ' '

7 1 1 ' 3 3 3 3 3 3 3 2ý 3 1 32 ,1' 31 5 33 3 3 " , 0 3 3I 63 1 3 3 3 1 1 3 3 3
-- 4 4 , 4 i •m 4 4 1 4 4 4 4 44 4 4 4 44' 4 4 , 4 4ý l( 4 4 4 A4 1 i 1 4 4 1 ' 4 1 4 4 ,4 .1 4 4 4 4 •i .4 4 4 4 t 1 4 1 4 4 1 1 4 1 4

* 1''t.-.1 , ''* ' p

A,4,-C)ONPI•L-LL A1)7"0k4A'%r1,1N l "k A.4 I'• "Y'

99, 999 J,



6.70 ACCUMULATORS

There are many varieties of accumulators. The three types that are in

common usage are free piston accumulator, bladder accumulator and tandem

piston accumulator (F-15 JFS accumulator). The following type is currently

included in the program:

Type #71 Free Piston Accumulator (ACUM71)

The accumulator subroutine is setup based on using dry nitrogen gas.



* •6.71 TYPE #71 FREE PISTON ACCUMULATOR

PG GsOil Concto No. 2

P0PO

XP- -Connection No. 1

FIGURE 6.71-1
TYPE NO. 71 FREE PISTON ACCUMULATOR 7;P4 01/ 13

The input data for the Type #71 accumulator are basically the minimum

and maximum gas and oil volumes and the precharge pressure. The gas

* and oil piston areas are assumed to be equal.

L.--1-



CARD NUMBER 1

COLUMN FORMAT DATA

1-5 15 Component Number

6-10 15 Type Number = 71

11-15 15 Number of Real Data Cards = 1

16-20 15 Line Number (with sign) attached to Connection 1

21-25 15 Line Number (with sign) attached to Connection 2

26-30 15

31-35 15

36-40 15 ........

41-45 15

46-50 15

51-55 I5

56-60 15

61-65 15

66-70 15

71-75 15716-80 15 Temperature/Pressure Code (See Page 4.0-2)

EXAMPLE CARD

4a 3 00 0 aI na 00 o 0 0100 a0000 3 O CC 000 0 a0 001a 0 Gi 1 93 0 u O0' CO 00 000000 0 0 a 0

i 1bII1 1 ~ IIIiI Ii II I 1I I Ii I I 1111 1 l 1 1 l IiI i I I1I 1 I! I 1I 11'11 I 1 I i I I I I II

"" " '2"J1 2:2 ?12 72 2 22 2i2 ? 2 272 22222 22 2,2 2 2222? 2222222 2:2 222222222. . 222222

33..; ~ 3 ?3•33 3131•.33332333331!23 333331313 "3 13 3 3333 3.1333 )3.i3333333 *. 1.•333 3

66 6 f.616A6 F 6 63 616 6~ 66 C 66 *66t b b6 6 6 F 6 6 666 A 6 6f 6 6'6 66 6 6C,6 A6£ 6 6 6 66 1

0 a 6 1 p ' A •= ) ' . . . I ) • ) I 1 ' I U P a, 5 • 1 1 1, 1 1 1 1' 1 .1 1 ,1 oi 1 " 1! g: i 8 11 1 a 3 S i 1 11 a I I II I( a I I I' I I I, 1 1 a I I 1 1' f 8 8
I I: I: 0; 0



.... .....

CARD NUMBER 2

COLUMN FORIMTi DIATA DIMENSIONSI - -________ ______________ ________________

1-10 E10.O M ,in1i 111111 0 iI Vo i I IN 3

11-20 E10.0 Max0imum Oil V011 ni11 IN3

21-30 E10O .0 Minimum (:;Is; Volume IN3

31-40 E10.0 Preclharfgl, PresOsure 0 ((I00F PSF

41-50 E I0O 0

51-60 E10. 0

61-70 EiO.0

71-80 E-O.0 I

EXAMPLE CARD

3 0 0000 a0 0j a a 0 0 a0 re0ý0 0~i' 0 3j0 0 oo 0 Da11 0 00003 D e 0 ao 0 0a6010.0 0 0 c 0 0io f jl ? (00 0

.1... . . ': . ... .. . *.~ . 4. . ..... . a1,: 1 If AQ., 1 if. 0 P.'..•

44 ' 4 4 4 4 £ 4 4 4 41 4 4 4 4 41 4 4 4 4 4 41 4 4 14 4 4 4 1 4 1 4 1 4 14 -4.. ¶
t I5

.. t 6 6 6, 6 5 6 6, 6 6 6 r 6 b E-, 6 6 6~ 6. 6, b .16 E 6Gb6 E66 1

A.4C~OONNELL -i(J'0PAAA1Si0%J CL(24"A^YY

9 9 0999 9 91 3 9 1 9 s 991 1 9 19 1 9 1 9 9 5- 1 9 1 99 ! 9 1 9I 911 t I 3 99999 9i 9 1 11 9, 9 9 9 I!
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6.80 FILTERS

There are numerous type filter elements and filter bodies to contain

them. Often the bodies have mulcdple functions, such as the F-15 filter

manifolds, which contain filter elements, relief valvea and check valves,

and have mnay external and internal connections. Hence only a few filters

are suffi,.iently similar to allow the use of a common subroutine. The

following type is currently included in the program:

!•Type #81 F-4 Type In-Line Filter (FILT8!)

Type #82 Filter Manifold (FILT82)

Type #83 Inline, Bypass Filter (FILT83)

'S

BIe



6.81 TYPE #81 F-4 TYPE IN-LINE FILTER

Connection No. 1 -Connection No. 2

Flow

Inlet Volume•

(Includes Inlet
Passage of Component)

Exit Volume

(!ncludes Element

Element

6;P)4 0O7 7 6

FIGURE 6.81-1

TYPE NO. 81 F-4 TYPE IN-LINE FILTER

The Type #81 F-4 in-line filters are simple non-bypass units using

standard cleanable elements.

This particular type will be used in simulation \..nrlK bec~ludse it i-

* simple and has no ancillary components.

7 ,



CARD NUMBER 1

COLUMN FoR.rT DATA

1-5 15 Comnponent Nu-.ber

6-10 15 Type Number S!

11-15 15 Number oa Rf - -at .ir.i -

16-20 >5Line uimbtor - ,gn . .. ',n

21-25 15 Li 1. w Nun"bt L t :. ur :t- t.. c 6n _ 'i.:: .-

26-30 __15

31-35 15

314-40 15

41-45 15

46-50 15
51-55 15

56-60 15

61-65 15

66-70 15

71-75 I 15

76-80 I5 Temperature/Pressure Code (See Page 4.0-2)

EXAMPLE CARD

F

U V

0000 0 0 010 0 000 00 000010000 0 0•0000 a a 00ýO 031 0 O000a 2 0 000 1 d 000000l00!0o0000a0

u "1 I Il 1 I l -,1!I• ll l, I i . ! 1 1I I I !1 i I I Ill I I I I , I 3 3:, 2 1 33 32 33 'II1l

2M,2 2 2 ' 22722 2 2 2' 2222222227 22 ; 2 2'. , 2.222 22 2 222272.2.22222

3 333333332 33233 3333333 333333 3 3 13133 1 3 3 " 1 1 1 3 3 3 3 3 -3 1 1 3 3 1 3

4 4 4 4 '4 4 4 : 4 4 1" 4 4 1 4 1 4 4 4 . A 4 4 4 4 4 4 1 A 4 4 4 4 4 4 ' 4 1 A 4 4 1 4 1 4 4 4 4 4 4 4 4 4 4 4 4 4 4 444

i1Si.,i - , S' 'p , .SC661,6 4V~~.dCL 1 T)~A~() ,~~4~p. 1 96 66 2 696 6 666 6 ' ; 1 6 . 662 £6 L 66. F. D 6

181 8- I 1 I0F16 a a i S I 11 a 119611 1 081 ,8 III I a 8 * 1 1 ! 3 1'8 I8 I 88 88 8 a 3 118 I9 1960 8 88 a8 888

1, 5 q99999 90 9 9 9 9f9t99i90 9C 9 39•l,1 1tl1":93 t i• 9 1 9 l 9l 99 .9 9 9 9,!9 9991q 9 3 9 0 9 92996q9

)I Ii R .'I. 0 '



CARD NUNBER 2

COLUMN FORMAT DATA DIMENSIONS

1-10 EIO.O Inlet Volume IN3

11-20 E1O.O Exit Volume IN 3

21-30 E0.0 Linear Element Flow Constant I See Note

3I-40 E[1j.) Non-Linear El],?ment Flow Constant See Note

6 7 1 .

71-80 1l0.0

! ~EXAMP LE CARL)

p,~~~ ............................. ,

.. o1 10 Q i 7 DI• o , 1 0 .. ..

0 0 j .13 0 0101 0010 0001:00 00000 0 1i~j! 0j 6 0 C 0,0 0 Co 3 0 3 00 . a3 ]
1'! I 7 I I I Ik I ' I II I I 1 1 II.1 . I1 I I - I 1 S * 7 5 I I

2 222 22 2 2" 22,i~27222 32, 2 22272272 "27 20272 ". 212 27 22 ' 2 212 2 ?2 2? 22222 22

33333.333 j!3 3 3 - 3 333 1 33 3 3 V3 3 3 33 3 3 3 33 23S 3 3

I 4 4 44 44 I 14 A 44'44 4 4 4 44 4 4 4 | 4,['4 4 4 4 4 ", 4 4 ' 4 * 4 44 441 4 1 4 4 4 , , . ,., ,, 4 4 4 4 4 4 A I 44 4 4 4 44 • 4 4 t4 44 4

S6 I, S s 6 A!, u

t'll .6 61 6~L 6 6 j' 6' 5 f~ 6 6 6 4 E9 b ¶ 6 6~ 6S6 6 L 6 6 5

1 i ' i 8 1 1 1 1 1 9 1I t 1 1 1 1 1 1 a I ' 1 I I; I I I I 1 64 I I1 'i'i I I 1 1 1A I I IIII I ",

9 9 99 9l t 9 i ii i I's 999 l i 19 9 1 4!1 •191 1 931 1 O oo q 9) q It I I 1 9 9i l9 l9 99 9 s91
* 5 ' SS tIS S ,l ~ 5 I ~ a' *.. '*'.I 55 .- 1,7



Note: The values of the CONSEL and CONE2 are determined using the second

order relationship

AP = CONSEL*Q + CONE2*Q
2

The pressure drop relationship is to be determined using MIL-H-5606

hydraulic oil at 100°F.

6'
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6.82 Type #82 Filter Manifold

The Type #82 space shuttle filter manifold is a three element filter

manifold incorporating a relief valve between the supply filter outlet

and the return filter inlet. The first element filters the flow returning

to the reservoir, the second element filters the pump case drain flow, and

the third element filters the pump output flow.

RETURN OUTLET--\ CASE DRAIN OUTLET

CONN NO. 2 CONN NO. 4 SUPPLY INLET

CASE DRAIN INLET CONN NO.
CONN NO 3

RETURN INLET- -- \- - '--
CONN NO. SUPPLY OUTLET

SINLE - RELIE F CONN NO..6
ýVALVE

.3S

INLET VOLUME- EXI VOLUM
(INCLUDES INLET (L EI ARR
PASSAGE VOLUME) VONCLUME)LENT
" TYP

Figure 2.3-82

Type No. 82 Filter Manifold

b6.82-1



CARD NUMBER 1

COLUMN FOPMAT DATA

1-5 15 Component Number

6-10 15 Type Number = 82

11-15 15 Number of Real Data Cards - 2

16-20 15 Line Number (with sign) attached to Connection l(ret. inlet)

21-25 15 Line Number (with sign) attached to Connectionf(ret. outlet)

26--30 15 Line Number (with sign) attached to Connection 3(case dr inlet)

31-35 15 Line Number (with sign) attached to Connection 4(case dr outletý

36-40 15 Line Number (with sign) attached to Connection 5(sup. inlet)

41-45 15 Line Number (with sign) attached to Connection 6(sup. outlet)

46-50 15

51-55 15

56-60 15

61-65 15_.__

66-70 1 15

71-75 15

76-80 15 Temperature/Pressure Code (See Page 4.0-2)

EXAM•PLE CARD

/ 0 0 0 90 1 a a 0 0 0 0 0 0 0 0 0 0 0 0 0'0 0 00 11 0 0 0 QuS 00 0 0 0 li 0 00 000 00 n 0 a 0 0 q 0

; I . I .t .3 .. I , ISI I * ,,l 1 4 4 '.4 4 4 44 • . -' , ' - 'I I I I1 11
lIiil Iii r I ii 1 111 Ii ii li 1111 I I

•27?q22;2H22I22E? 2!2 72222,72722?722 ,2222 2 2 2227,??222 2.22 ' ,, 27222722 2222 ?'7 22227222

3] 3 3 3 1:i) .3 3 3 3 3 3 3 ,33ý3 .3! Id 1 1 3 3 3,3 : 3 3 3 : 3 3 33 3 3j 3 3 3 3 3 3 3 3 33 3 3 3 1 . 3 , i 3 3 3 3

44 4 14 444444414 4.1 44 41i 4 .' 44 44 A44 i, 144 44 4 444A'44 4 4 1 444 44 'l 44114 4444 4 4 .4 4 44

66 6 :; 6 6; 6 66 6 6;666 '66~6 5 6 •6 6 666 ,66[6 6666 66 ' ', :•S 6•5 6 g

6 6 6 56j66 6 6 666616 66 65 615 6 A6 6 66EG 6 6166 6 6.6! 6 6 6166666666615fi !q,;6
A4CO_," .",;ZLI AUTC)AOATION COMPANY',S7 7 7 7'I I 7 7 7 7 ', ? 7 7 7 • I I I • 7 1 7 7:1 7 7 1 1 1 1 1 ; 76 1 1 1 1 /, 1 1 1 1 1' L 7 ýil1 • 7 :,j 7 =

061 9 8 11OlaI1 6 aI 13 II I'IS all 53 6 10 1 0 418 a90Is00 I1 9 1 1 8 1 gig I Ia 6 09a93I11R I IIR I a00 0 a !a000 a I R 9088aI

99399,q 9 939 99 =199 ,59 -- 9 99 99q9 99,99 19 19 9 9 l 9 9g 91g99,gg 99 999 993 999 1 919 9 9 3, 9 9
6. 82-2



i , I .

CARD NUMBER 2

PCOLUMN FORMAT DATA DIMENSIONS

1-10 E10.O Inlet Volume (Return) IN

11-20 ElO.0 Exit Volume (Return) IN 3

21-30 EIO.O Linear Element Flow Constant (Return) I See Note

31-40 EI0.O Non-Linear Element Flow Constant (Return)
I3

41-50 EI0.O Inlet Volume (Case Drain) I IN 3

51~60 E1O.O Exit Volume (Case Drain) IN 3

61-70 EI0. I0 Linear Element Flow Constant (Case Drain) See Note

71-80 EIO.O Non-Linear Element Flow Constant (Case Drain) i

EXAMPLE CARD

V 2..37 14 41 u 01 .7 1:: '•p '. . . . . . ... I... .. ..... . . .. ... . .. 4 * i 3 4 4 ', ~ 4 ' . .- .4. * . ... . .
t 64I.' M *" ,.''4 .' 5 i 4 74 0 (,-4n V1 2 .. .. %

Is Ia'*OaO0'aOn a~ osaaaaa 000aa s: 0 saa~ On0:O 0 •o anono a O!O non no noono n oG a'• no o
" I ''4,4 444 ' , 64 1 4.q'&4",tj ' 1 l,4 |4-.:' I 1 i ¼1, I I 1 II i i I I I~ 1 i tI I 1' I II I I l I i I I I 11t 11 ! 1 t' - 't 1•1, 1

7227222 2 2 22 2772l?2?:7 t?2 2222277 2- 2 2 2 7 7 22124?2 2 277??272 2 2 2:22 2 2 2 72722 32 2 7'?2 2227i'2 2 2 1722 272

3333 3:331i 333 •,3 3 :333.333333333 333 33 1-33113333'ý3 33333333,133 3 3 33 3 3 n138-13333; 133' M

4444 il1 44444444 4:4 4 444444 444 14 4 4 4:4 44444444 4444 444 1 14 "1 441 14 4 44 4 14 4 1 44 4 4 1
55 55~5,5555 55 55.55 5'.5 5555,555 555•55 65 5 555555'S 555 , . 55 •= 5•5 5 1 ,555 !5 555) 555

I i ,

6666 ', 56 66 6566 6 6 6 116 56 66651ý6 65161561 6666 5 15 . 6665•6 G F 6 66 6166 ' E ý 5 r 56 616•6 6 6 6 66 66 6 66 5666
M.CDONNP•L AUTOMA'ION COMPANAY I8

I04 I3 n 13 1 1 ' 1 ~ n I I I I I: 1 11 7- i i1 1 11 17 1 n1
0153001~~~ aI' 1335 8I z aIII 00 8 3111 53 1 010 aO E0 13: ~*

I q 9* g1999 9 3 9 9 1 1 9 1 9 9 1 9 99 15 1,1 0 'J l " I'9 I Ii 9 999909 999- 99999 9 Is9 9 9 9 .9 1

I
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CARD NUMBER 3

COLUMN FORMATI DATA jDIMENSIONS
1-10 E1O. I Inlet Volume (Supply) IN N3

11-20 E1O.O Exit Volume (Supply) I

21--30 E10.0 Linear Element Flow Constant (Supply) f See Note

31-40 E10.0 Non-Linear Element Flow Constant (Supply)

41-50 El EI.0

51-60 E10.0--

61-70 fE10.0

EXAMPLE LARE

S'S S I '1 1' ' I I 7 I I IS . ii 17 II 3'75 15S 1 S ISI S34~ SI 5 5 1. 11. q ... 5

1I ; is ti c it 27 I4 1 1 11 A 1 12 3 11 I S I1 is I0 7 11 £15 S0 V, Is I S A, -

2722:? 22 2222?,? .222 2222??? 77772 22 ii 22277 222:22 i2ý?? ý2 2 2? 222? 272 '722 27?2-1

3333 3jj3 33133 33;33 33333 3331 3 3 3 ;333 .3j33 '31333i333,3'3'33 3~3333 :31333 3 j 33

44 4 4 44 4 4444 44 4.14 4 4 ,4 :4 4 4 94 A 4 4 41 f1 4 4 ,4 44 4 4 4 4 4 4'4 1, 4 4$14 44 44 4!4 4 4 14 44

5 5 55 5,55 5 555 5 55'35:5 5 55 5I 5 5 55 515 5 b5 515 5 5 5 b5 ~5 - 5 55 5 55 5 55ý515

6 656 6:G66 656 66 6 66656 6 66E5 656 116 6 61; 656 6!6 6s6G6 66 6 6 666 t 56 6 E6 6,6 56 616 66 &5 616 6 'ý 6 5 656
MCDONNEL L. 4UTOP,.IAr/ON COM4PANY

1'7 11 11 111 11 7I 1 1 1' I1 11 11 1 1 I i I I!) 1 1 17 7 1 1 1

I I 1 :

999 99 c 9~ 399.9 9 99 9 39 9 3 19 999' , 9sos 'i 'If 1~ 19 91 99911 9 q q99,9 9 91939 9 93 939 95~~ ~ : 5 . I 71 1: h m Is157 75 1 2, 17 715 M )I ) 11 55 51 5' 41 5 4] 44 S f, 46 4 ' 1'1 I5 5 Is S1
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Note: The values of the constants CONSEL and CONE2 are determined using

the second order relationship

AP - CONSEL*Q+CONE2*Q 2

The pressure drop relationship is to be determined using MIL-H-5606

hydraulic oil at 100'F.

6.82-5



6.83 TYPE #83 INLINE, BYPASS FILTER

FILT83 is a simulation of an inline, bypass type filter. One inlet

and two outlet connections are used. Unused connections are considered

to be blanked off.

CONNECTION NO. I

BYPASS VALVE

-CONNECTION NO.?-

LOW 0

CONNECTION NO. 3

• (INCLUD3ES INLET EXIT" VOLUME
VOLUME) (INCLUDES ELEMENT

'• VOLUME-)

ELEMENT

Figure 6.81-1

'TYPE NO. 83 INLINE FILTER

6.83-1



* I

CARD NUMBER 1

COLUMN FORMAT DATA 1
*1-5 15 Component Number

6-10 15 Type Number = 833

11-15 15 Number of Real Data Cards= 1

16-20 15 Line Number (with sign) attached to Connection 1

21-25 15 Line Number (with sign) attached to Connection 2

26-30 15 Line Number (with sign) attached to Connection 3

31-35 15___________________

36-40 15 ______________________________________

41-45 15 __________________________________

46-50 15 ____________________________________

51-55 15 ________________ ___

56-60 15

61-65 15 ____________________________________

66-70 15 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

76-80 15 Temperature/Pressure Code (See Page 4.0-2)

i' e 7% *11 1. 1 10 1 1. *1. * I I

* MCDONNELL AuroMAAAION COMPANY II
11111 7 1 77 11 1 71 1111 I I ill 171, 77y 1711 1 77 17 1 1 1 11 11 1 1771~111l?1

89948 11iI IaI 8 33AIII I 11,1 1191311151843631 8839a118:1 a8 f I 81r 8 I BI II ma 831 913 a a p48 88

9 399 9 1 99999 9 1:n919 9 99 919 9 9 9,9 9 9 919 99 9; 1 1 9 19 gg9 99 9,9 9 1 9~ 9 , 193

4,
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CARD NUMBER 2

1' I
COLUMN FORMATI DATA DIMENSIONS

1-10 E1O.0 Inlet Volume IN3

11-20 E1O.0 Exit Volume IN 3

21-30 El0.0 Element Flow Constant I See Note

31-40 E1O.0 Relief Valve Constant _ CIS/PSI

41-50 I EI0.0 Relief Valve Cracking Pressure PSI

51-60 E10.0 j
61-70 E10E.0-- _ _ _ _ _ _ _ _ _ _ _ __ ______

71-80 El0.0 I
LI A - -

EXAMPLE CARD

f , 1 1 1 .1 1 4 4 1 f.
' ',, .... .. ~ 40 lI.~?fl, I?. 4 ?S

4 4 . I 4 4 4 ,I A 4 l 4 44 ' :4444 11 14 14 1i 14 4',' 414 4 4' 44 4 i I 1, 1 . 4 .1 ' 1 1 1 , *1: 1 1 1 1 1 11 1
"7II 1 I II I IIi I I I11I II I I 1ll 1j III 11 1 1 I I I1 1 I I I _I I I I 7 I11t I 1,1 1 1 ,

6 aI ; 18 9I , I 1

2 222'2????222222122222,222l2•222?22?2222222222222 P2222+ +'i• 2 , 22 +? 22?2212722227222?2?2222,

I I I I 1 -4

4444444444444444444 4 41444444444 44,44 44,4 44 ,4 '4 144 414 4444444444444484 4
55•++""+5 SS5 5 :+ 5 5 5 55555, :55 +555555+55 'I5 5555 5 5+5 SS S++ +'5+ + 5 + ++• 5 + 5 + 5' + 5 5

M66.66166PCDONNELL.AUTOM4ATION COMPANY 1 I1 i I

gg9999 q f , , ,9,l 9,199!1g99I 19919 Ii!l~l *941. 11l IJl 0 I gg,,I 999o ' ] 999999 9, ] 999 36 99999999 9

1 4I I I 7 1 4 1 :I'I 4 4 4 41 4 4 7414 44 4' I , .. . 4. 4 -__, . .. 4 .4 4, 4 . .. ':.' _-

6.3-



Note: The value of CONSEL is determined using the relationship

AP = CONSEL*Q

The pressure drop relationship is to be determined using MIL-H-5606

hydraulic oil at 100'F.

6

.14,,
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6.92 CAD92 INPUT CONTROL DATA

CAIJ92 is used as a dummy input subroutine for the elevon position

commands and hinge moments, which are normally obtained from the guidance and

control subroutine.

The input data is used as a time history of the elevon input position

command, using a linear interpolation for times between the data points.

The number of input time data points and position command *a points should

be both equal to the number input on the first card columns 65-70.

i 1

6.2-



CARD NUMBER 1

COLUMN FORMAT DATA

1-5 15 Component Number

6-10 15 Type Number 92

11-15 15 Number of Real Data Cards = 3 or more

16-20 15 Elevon Component Number

21-25 15

26-30 15

31-35 15

36-40 15

41-45 15

46-50 15

51-55 15

56-60 15

61-65 15

66-70 15 Number of Data Points in Time (& Input) Data Table

71-75 1.5

7 6 - 8 0 1 5 .... . .. .... . ....

EXAMPLE CARD

A .. . . .. . '.. . ..... .. ... .. . .. .. . .. .. .. . . . ..... ... .. ... .. .. ... . . . ..

000 00 0 00QD 0 a0 0 110 0 000ID 00e 0 0 0BDa0 a10 e000 in00a0 0010 f0 0 00-6Q00a0V0 '0 c0 OnD0 00000 0 0 Gpn0 Do0 00a0000 0 0 0

1~~~~~~~~ 41 II 1 11 1 4I 1 I I I1IIII I IIII l I ' 1 1 it 1i 1 '1 1 1 Iti oo I 'I,

22222ý222217222 I 27,127'2222222 ý2,721222 22 2!2222 ý2222.2 22222222.2 22 22 F * '

3 3 32 331 3 33 3 1 333 , &-33 ) 1 311 3 333 3 3 3 33 333 3'333 3 333333 3 J3333

4 4444444,4444 A 4 4 4A 44 44 444 4-1 4 4 4 44444 44 4 4 4 4414444 41 . 4 1 444 1 A 4 4

6 6 6 6656E666 665 6551616516 66 .6E46 6 6I 64661 6 6 6b 6 6 6 6 5,E6 1 Si 6 6 b 61$6 6.6 6 6 t66 6 66'sSS6 6,666666 E
,iAA COOP.NNI L A4,TA3OAA COMPANY

/ 1iti 1l II I1i 14li 1tll~ I :lPl I I il1) i •I '1 i4 lt1 1i'lll 1i I 1l 1I 1 1• l l tt it It I 4 I I• , I I 1I,

I I I I 1
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CARD NUMBER 2

COLUMN FORMAT DATA DIMENSIONS

1-10 El0.0 Elevon Load a Zero Actuator Stroke in lbs

11-20 El0.0 Elevon Load/Stroke Slope in lbs/in

21-30 El0.0 -

31-40 El0.0 I
41-50 EI0.0

51-60 ElO.O

61-70 E10.0

71-80 El0.0 j

EXAMPLE CARD

16 o0 0o og OlO a o CIO6~l3 a 00 0 0 0 0 0 0 a 000 0;nP0 0 a 0ooCIOa 000 0 0100 0 oloa 000 0 10100a 0 000000
I I I• 1 •'! 11 I 1 11: 111 I it ii ; Ii I Ii i I i I I i I , I 1i i V I t 1 11 i I

27???? ?2722322222222777??222? 22)222?722727,2 ???•? 27222222 ? ,7? 22222? 2?22

3 33333] 3: 333333 333; 333333333333 3333 3 33333 3333333333:33 313 3 3 33.3333 63,3 3 .33333

44 d 4 4,4 d4 4 1|4d44 4:41 444 4 41 4 :dd4 444 11 4 4 4 4 4::4 4 4 A II 4 d 4 4 4 '4," 4 4 4 44 4 4 dd4 4 4 44 4 4 t 14 141: if 1 1, 111' 6: 1 11, 4 4 4 4 4 44 4 4

""1 9 9 9 9I s 1 51 :,g q 9 1 1 1 1 ' 1 :1 1 1 f 9 44 1 9 ' 1, I 9 gig 9 1 5 9 9 1 3 1 9 9 9

I:• • . 4 . 4 .4 4 .4 .4 .4444444444444444444 .'•.•

33. 6Ij 636 6 ' 666 36. ' 66M' '336 . tlu. ,6466i6,3 .,3,,t..4,u66t 3lS~t 699 9 9 19 9 9 9 ,6g 6•9 9 6 ', .

~ S S S SSS 5 S S~S i SSS~S ~ b S S SS~S 1 1 3 555

6661d 1 6615 i 11 ~ 6 66 666 6666 6666 66 66 6



CARD NUMBER 3

COLUMN 'FORMAT DATA DIMENSIONS

1-10 E10.0 First Time Value (Should be zero) sec

11-20 E10.0 Second Time Value sec

21-30 E10.0 i

31-40 E0.0 I
One or More Cards Can be Used

El0.0 Final Time Value sec

E10.01 -_

1 i1
_______t 1 . I_________ __________________

EXAMPLE CARD

LU

I, I I I I , I 's 6 , 11 11 t I l 2 2)4 ' ? n I I so 44 ) I t - I 744 1 , 1 , , I. 1 +I4 4.5 0,l ,I 4 45f I '1 1 1 I I

444 444 4 4 4 4 4 4 74 41 4 74 4 4 * 4 4 4 41 44 .4 4 4 4 4 ' 4 4 4ý4 4', '444 %4

i SI 5 iý 5 5 5 5 5 S' Is l5, 1 ý 5 5 , l,'

•6 56 '6 555 66 6 56 6 5 6 6 6666 6 1 5 6ý * i $6 5 $66 56 6 6666 6 6: 6556 6 56 6 6 6 •6 6 6 • 61S 6S 6 6ý 6 66 6 61 6 6 6 656 6 6 6 55 6 S1S F, 6 6
! " ,,I M~~MCOONNEL -L A't. OMAT ION COMP"N Y"' "9999•9 eSB,,'

77I ,7 1177 717 1 i I11111 7 1Y ,I 177 17 11 1

t0. 4 1 I . .. 1 , T; It : 1f4i

444£44444444444 4444 44444644942-44 44444444*4 '4444444 414444*44



RI . , I i, q , ! ' 7,ý1- - ,.

CARD NUMBER 4

COLUMN FORMAT DATA DIMENSIONS

1-10 E1O.0 Initial Input Position Command @ T = 0 in

11-20 EIO.0 Subsequent Input Commands in

21-30 EIO.O

S31-40 E1O.0 .L

One or More Cards can be Used

E10.0 Final Input Command

I EO. I---E10-0 - _ _ _ _ _ _ _

,I . 0 ........

EXAMPLE CARD

'Iv !1 11 ?1- 1. -m1V2 1 111 11 1561 ,1

. I-- ?0 7. 77 •1 .4 ,1' Ž 79 SC 5 IL' 1 11 Al 3. . ... 4 , ' -2
oooooo oaoan oDDoD•ooo o150o o ao ooo o ,o onocoeCa .1.O 8~3O8,, , ,oI ,Ofi88,8, 888oo,. , ,, , , :, ,,7, . , ,,88 8 80 0 0 0 0 ,,,, ,, ,, ,, ,, .. ,.I,, ,, ,,,. ,,

I I 0 1 0 1

2222,22'22?22222,2722222 2222222722?Q222722222127222222,2,I2222 2? 2 22222? 2222

L3 3 3 3 3 ý3 j3 3i 3t 3 3 3 3Ij 3 3 ' 3 33j,3333333 3 3 3 3 331 33333 3 3 31 33 333 3 3133333 3333333 33- 3 33 331333 3 j 3 .. ,,

'A 0 t I t t ý Ij s II4c4 44444 44..4:4.4444+ 44444 44 4 4
444144 4444 4,4 4 4 4 444444441,44,4444444444,14 -t I ' • 44 4 41 444 444•+444 4 1,

S 55 55 55555555'3 5 5 S 55553551555555 553 535553• 55I55~5

I 17 1 117 17 7 '7?1 172111 7 1 1 1 1 7 71 7 7 17 1 7lI 11121 7777 1 1 117:77 1 1 1 21 1 1 7 1 77 1 1 1 171 1 1 1 1

g 9 S 9 9 :9, 5 9 9 9 9 1 9 9'. 9 9 9 11~ 9 9 9 9:9 9 9 9 gig 9 9 5 J- ! 9 9 t ! 91 98 1 9g 19 9l 9~ 9 99: 9 I 9 q 3 9 5 3

I I I I.92 -5
"++..... .. "" : + +++:++: ; • . ..... " -+ '+ ....- ' '• g"+ ::.. ++ +'+ +- '+++ :• ,• g + +: :+ I ++ I" ,I I 'S.9.+9 I9 9 IS S 9 9 99:p:•';.+• -• +:.+v- • .s9 9 • ''



i I' , •i •i''•'' :¸•¸4•: ":•'• ¸• •`•L'•:: ?•? :l•:• • ; :• `i:•i• • `•``•: 1 • .: • t• •¸•¸•°' ¸• ......................

6.93 CAD93 INPUT PUHP LOAD DATA

CAD93 is used as a dummy input subroutine to give the pump load torque

which is normally obtained from the pump subroutine.

The input data is used as a time history of the pump torque using a

linear interpolation for times between the data points. The number of input

time data points and torque data points should be both equal to the number

input on the first card columns 65-70.

i .



CA.ýD NUMBER 1

COLUMN FORMAT DATA

1-5 15 Componeat Number

6-10 15 Type Number 93

11-15 15 Number of Real Data Cards 3 or more

16-20 15

21-25 15

26-30 15

31-35 15

36-40 15

41-45 15

46-50 15

51-55 15

56-60 15

61-65 15

66-70 15 Number of Data Points in Time (& Input) Data Table

71-75 15

76-80 15

EXAMPLE CARD

01100 a 0 0000000 0 U0 60 00 0 10 00 00 00 a000:0 0 0 0 00 0 000.00 a0 0 010 00 a000 00 a0 00 a 0 0:0 a0 0 00 0 0 00!0 000 0
S1 ? I ' i 4 I VI

:22 '22' 2222 2 22 222220 2 0 1 7 2 7 , 17 27 2 22 7 ? 22'? 12 2272?i2222 : 222122222

S333, 333331333 3) 33313 313 33 33 3 1: 3 3

4 4 A 4 414 44 4444 4 4 444 444 44 1 1 4 4 44444414 4 4.4444 4 4 4 4 444 A441 m1I 44 4 4144j

55i ~ ~ 55 585 5555515 5 55 L55 51J 5515 5; 5 5 5 j5 5is ;:sss.sI 4

6 51 6 5:6 66 66E65661S5 56 C 6 6 G 6,6 66 C 66 5 6 66 556 5 66 6ý5C 6 6 6 6 15 6C 6 6 6 6 565 666 C 6
MCDO,"NNELL 40LTOMATO,4 .•OMPANYV .

SI a I oila 811a | I IiII1l11111V I I I g1 I l I I pI a 6 'IRE6 1 1 1 II I 11 1 11 11 1 a I I I I

04 91 4 91 991111gg91 , 100010 9q 9 0480 19 .1~ 9 900S010918 1.9 1 S S001
4 . , 4 I," ?| 1 44 44 4 . I| .4 4' 6! 4 ,. 4I 4) 74 :4 , • 14 a' 2 !, 47 ,I ) 1

Wi 6.93-2



CARD NUMBER 2

COLUMN FORMAT DATA T-DIMENSIONS

1-10 E10.0 Pump Load a Zero Pump Speed i b

11-20 E10.0 Pump Load/Speed Slope J in lbs/rpm

21-30 E10.0 Inertial Pump RPM 1 rpm

31-40 E10.0

41-50 E10E.0

560 E10.0 _________ -- - -

j71-80 E10.0_ __

EXAMPLE CARD

t.~~~ ~~ 11.. 4. 4. .. 11111! 7 1, . ¾A 74 *' ~ . . .4

1 " q

0 0; 0 4i- o E IO. Pum Lo 0 a d a Zero Pum Sp e in cibs 11 . 1 i)00 a ;

7l 213 2I. 2nrta Pump 2P rpm 2222?27

II I I3E

i ....~i i .- I ) ~ 333333j3333

4 44 4 , I 44 44 444 4'4 4 4 444a44 4:0 44 44 44 4 4'44 4444ý4 4 4 4A 44 414 4 4444 4 414 44 4441 44 444444444' 44

5 55 5 5-5 5 5 55 5 5 5 5,55 5 .5 55 S5 5 5' 5 5 55555 5:5 55 5 55 55 5 5 I5 5 55 55 5 15s ss sits 55 iS 5 ss 5S s 5. 55

66,166 66 6646631666666666 666 6556666C66 £65
.CDONNELL AEOAMATIN COCMPAN

1 1: 1 1 1 8 8 1111111 1i 1 1 1i 1!11 1 1 9 a !Fa111 a a I Io I ia : 1

9m as mal91 919 111 a 9 9i m a 11 .9 9 m 19 91 - 11 89191$11 1 1 9 P 1 P1 is9q1 3:9 ii 1i 3SI 1 9991
i , ,, 1 , 1 1,1 ,, ,, , , , ,:, , , , , , , , , , ,,n ,it, ,", , I 1 1 . , , , , , jf,

--- 2- -..t .,.-.- .. 2..

i-- i, " " , ,.....



CARD NUMBER 3

COLUMN FORMAT DATA DIMENSIONS

1-10 El0.0 First Time Values (Should be zero) sec

11-20 El0.0 Second Ti-me Value sac

21-30 ElO.C

31-40 E10. 0

One or More Cards Can Be Used

E EI0.0 Final Time Value sec

__ _ jEIO. 0  I -[________________

EXAMPLE CARD

IV2

0 0a 0 o.1 o a 0 0 a o 0 0 , , o oo0 00a000010 Q a 0000;0 0 a 0 09 00no o00ooaa aooo ooooooo aoo
1I . 'l! ''J 01 1 6II 0 I I 0 61,1 6 6 6 1II 1 *66 1 'I ~ 1 '1 01

4 4 55 44A44 4 4 1 14A44444 1 4A4 4A A 1 44 4,14 4 4 4 404 4 4 44 4 4

5 6 6 b 6 6 6 616 6 6 6 6 511 6 566, 6 6 6 65616 666 6166 6 6 6!6 6 5 66 61 6 66 6 66 6 6666 t6 66 6 6 6 6 So 65E6

1 'I) I I i I I 1 11 1 III I 1 1 17 7 1 I 111 1 171 1 7 ) I 1 I 1 1 7 1 9 1 1 7 7 1 7• 1 1 7 1 ', i:ý'1 :! 8 8 1 : I's;:B I~ I I I. I, :I I~ 1 11 A I I a I I I I I I I I 8a1381411
27 :2 2 712 22 ?22 1•2 2 v 22 225w ý , 4 2 t.•| 2 2 22 1?2 2 2 26, 62.: It• 4' , 2 '

usai uI ma as '

-' 6 'I6l t 61I iN I ' 71 ' II 6 ,' 6

I . .I . t . .

',i • 6.93-4 '



CARD NUMBER 4

COLUMN FORMATj DATA DIMENSIONS

1-10 E10.O Initial Load Torque @ T = 0 in lbs

11-20 E10.0 Subsequent Load Torques in lbs

21-30 E10.O I

31-40 E10.O,. j
One or More Cards can be Used

___ E10 0 Final Load Torques _ in lbs

E10.0

jEIO.0

EXAMPLE CARD

"-. . . .4 . .. 3 4 I S.. . .. ... .. .. . . ... dI ......... ......... .....~.. .4 . ... . •' 4*' .... .... ... ..

•,. 000 0:00, 30300| ,08 00 6000 00 3 ,I503610 00050 cooo 11 4, O0'O • 0 0 0iq • I• 0 0 0 0 0 0',O0000
14 0000 a a~g ,3 0,4~ Q IA a 3' a 3 31 4 0 39 0:0 9.1 N 3'3 0 ,9 I'l 344440 aAa 0:0 0 0 PIG 0 0 0 9 0 1 !0 0 0 00a 0 a0 0 00 0 0 0 00 0 0 0 0

, . I I 1 I I I I 1 1 I IS"I I I I I I II I I I I I I 1 )1 1 I I 1 I I I IdI I I I I I I I I I II I I I I I I I I

2 22 72-22 22 22 2 2 2 2 i2- - - - --2 2 22 222 7 2 2 -22 72 22 2 22'2 2 2 2 ? 2 21 2 22 222272 2.? 2 2 2,2 2 2 7,2 2 2 2 22 222

33 3 I 3 31 313113333;333 i33333:3 3333333' 33331233333:133 3 311 3 33 3)- 1J 3 3 i 3'33 3 3 33,' 3 33 3 N 33 3

4444'4 4 4 4444 44444 44 44,44.4 4 444 4444 414 , 4 44444 4 144 4'4 '4444444' 44444444 444 44

!6 , ;1 ', AI,4 '' s: .. iIIn , r .. . 31 1 ~ 3 :,,. A ?I4 w34 P4 Y* 1, 1' !A 33'

sss55: ,5•5 5 , 55,55435 . 555555;55555 5 b: 5'555555 555'5555655 55•5 :55555 45555b555555

6 6666564 6 6 6 16•66 b6616 666 6 16,i 6is' 65 6665666666 S 6'56 6 i6 66 6 5LC L66666566 ' 56bSMCDONNELL A~O~i"cmAY,

IC O N L IU O 4A IA IO P N~~ 17 1 1 117 3301 1 71017111 lis 11 711 1 11 7 11 1I 1 F, I I 1 77 1 1 ) II 1 III7 ý I I I I1II I 1 II *:

I I I 'I I I I II III I I I80 I0 I I 338300801 11: SI ? '2111111 1 000 F! 6I 6 A f 8!8 A j S 008 Al Ie a a aI

!11 1 9 1 91 1 1 9 1915911 9lll 111110 1 :1 9 $,is ii 1 1 Ig 1S 9 99 l q q9999919 99 9 9919 9 9A 9 9 9 ,• 3 199



" 6.95 TYPE #95 AUXILIARY POWER UNIT

TANK7_
PRESSURE FUEL I /GAS TURBINE 7 EXHAUST - ALTITUDE

PUNP ENERATO DUC

CONTROLLER GEAR..O

HYDRAULIC
PUMP

FIGURE 6.95-1

TYPE NO. 95 AUXILIARY POWER UNIT

The Type 1#95 auxiliary power unit is a simple turbine engine feed by a fuel

pump. The turbine is used to power a hydraulic pump through a gear box connection.

6.95-1



CARD NUMBER 1

COLUMN FORMAT DATA

1-5 15 Component Number

6-10 15 Type Number = 95

11-15 15 Number of Real Data Cards =

16-20 15 Component Number of Pump

21-25 15 Number of APU Data Points for Each Pressure

26-30 15 Number of APU Inlet Pressure

EXAMPLE CARD

0 O0 0 '0 00 00 00 0a9 0 00 000 aO0 O0 •0 . 0 0 00 00 08 0 0,00 0 00 00 0 001' i 0n10G000,000 0 0l~ 0 0 0; 00 0• .... ...... a L
8000 08 0Q C~~ O, *~*:x~0'>~"' :z ~ ~: 1: ~ix;:. O0000!>'1O•~LOO'OO,

il 1 6 1' ý1 ? Is 11 i? 1, , , , , II : • ,, " " , 1'" " )If :1 j' to" 4 ' (1 .. .. 4 " 4 "64 il .... 11 .. .. v '1 4" ! ..... i ,i ,, 1. o1 6: 31 , , 1, It , .
I I I I I 1 I I I I I I1 11 _- 1;1 1 1 E ll I 1 1 ;1I 1 1 1 1 1 1 1 1 1 , I I I I I I 1, ] I I' I III 1 1 I I Il I I I 1ý1 I I I ill I 1 1! ', 1 l 1 I 1 1 1,

277212 2?2 2 2 2 2? 72,222 2 2 2 ?2 2 222?... 22 2 2? 2 7 2 2 ?2 2 22 2 1227?2?7-22772227721 ý1

33333333333333333333.33333.3333333333323333331333 333.333333333323 3? 3 3 2 !:, , i3 33 3

4 44 4 , 4 4 4 4-14 4 4 4 4 4 44 4 4;4 44 A 4 4 441 1 4 4 4 4 4444 4,14 4 4 44 A - 1 4 4 4 4444 4 4,4 4 4 4

616 66666655 6 6 6 6O 6.6 666 66 66 6616 i6 6 64 6 i6t56666i6 65 6166 6 6 6ý6 66 6 6 6 5 6 65 6IS 6 2 6 6
I MCDOOINE4LL AurloM.Arioiit 00MP1ANY I I II

117I I 1: 7 1 1 1 ? I I I ill 7 12111 1 i I I I Y I I I I I I i I 1 1 17 1 17 , V 1 3: 31I I I I I '1

6.95-2



". .. . , . . __ :- r.". .

CARD NUMBER 2

COLUMN FORMAT DATA DIMENSIONS

1-10 E1O.O Turbine Exhaust Pressure PSI

11-20 E1O.0 Gas Pressure PSI

21-30 E10.0 Gas Temperature OR

31-40 E1O.0 Fuel Tank Pressure PSI

41-50 E10.0 High RPM RPM

51-60 E10.0 Low RPM RPM

61-70 E10.0 I CEDI --

71-80 E10"O CED2 I --

EXAMPLE CARD

U ,m me _ __-

5 -4 l, 4 ,1 . i , '444 32 J21x•. a - 24. B I-

4 4 ( 4?3' '3'3,3,33 I • 3 .. 3 1 3 3 [ 3 3 3 1 4 4| i 4 4 , 4 4 4 4 3'3 3 4 ,i 3 3 3 3.4 4 3, 4 2 i. . 4 ' 4 43 . . . 4 4 4 , 4 ' . . 4i 2 40000 600 0001 0 00 00 53O '4 22 080:0 00 0 Dl0 000 00O~ 0 0 1 G 0 00 lEO, 0 1 a CIOq a 0 o00

2( "11 1 7 9 II II I I III I II' I II I• 1'l I I 5 ' II I "" h I '1j ,

4e*. r . I1

21222,221222222 122122212272?222?72i2 22222227222'22211222222,2722222222,11?? 22222

6 : 166566 56 5 6 5 5 36 S •5 5 ý5 5 55 5 35'5 5 5 5 6 5 5 5 5;5 'S' 5 6 S 6', 5 5 5 5 5 ' )! 55

', M~PC0'0"N rL.IL Aurc()MATION COMPANYV 6| 6 6 5 6]6• i 5 f5 5 ••

S1 7 i 11 1 T i T T 1 :7 7 : 7 I '71 1 7 I 7 t :1 1 1 7 • !1 711 7 V I 1 1 1• ' i l I, I I I I 7 1 Il 7 1 1 't, 7 I• '. I I; Il I I •

4 a. I a 3 1 1 1 1 1 1 1 B I1 1 18 : a 3 3 3l 1 3 83 1 1 8 3 13

31 3 9 3 1 1 4 9 9 11 6.95-3 3 1  1 S 39

ja a a u a aa. a - 6.34-3 3 ~3 3



CARD NUMIBER 3'Ii

COLUMN FORMAT DATA D lIMENS IONS

1-10 E1O.0 CED3

11-20 E10.0 CED4 --

21-30 E10.0 Time to Fail APU I SEC

30-35 E1O.0 Gear Box Ratio _ --

EXAMPLE CARD

?11 2 9 1 Q~- -1 1. 11-11..11 21-ý -- 4

S•100,010000 0000000000000 00 •I I 000 0f0 000 0000 C 0 000 024 0 00 00 0 0 0 4

2 1 . .2 2 2 2 2 1 7 2 2 21 2 2 ? 2 , 2:2 i2 2' J2 2 217 277 l:ll2 l , ll '1 II )57 |l ? "2' ? 2 2 21,4 .... 2I 2' 2 ... 2 71 ' . .. . 12 .. . . 7 ... . , 1 ? ,. . .. 2 ,

- ~ ~~ ~~33:3331 3333 3333$ 333 133ýIJ3,33333133333,1333313333,3 .•:•3333333' ]33j •3 ::: ] 31ý: 1 ..

4 444 , 4 4 4 4 4 441 4 4. 444 A 4 4 A 4 14 4 /4 4 4 4 ' 4,4 4 44 414 4 4 1 4 4 44 1 4 44 1 ,4 1 444 1 4 1 t 1 4 4 4 1 4

!1: , :1 A Itl

-- :5 5 6 • 6 6 1 6 6 $ 6 • 6 i 61 6 6 66 b 6 6 6,6 6 C; 6 116i 6" C 6 6:6 6 6 A615 6 E 6 01,6 6 6 6 616 6 E c 6i,A• 5 c; 6i 5ý 6 b, ý i ; E. L, 6 6r f

I I I I I I Jil a 1 i r 8 1 1 1 O's I I I o i I I I II I a 1 1 1 U PI I I I I I| 1 I I I c a I I ai i i a 4 I I ? s 4 0 5

• '• 6.95-4
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On the fourth card and subsequent ones if needed the values of U/C (Srom

the APU efficiently vs U/C curves). The number of U/C values correspond to the

number in columns 26-30 of the first data card.

CA"D NUMBER 4

COLUMN FORMATI DATA I DIMENSIONS" ~I

1-10 El0.0 First U/C ValueII : .. .
11-20 El0.0 Second U/C Value

One or More Cards Can be Used

EI0.0 Final U/C Value

Note: It is not necessary to re-enter Lis data if it has been input for anothe,

AP U.

EXPMPLE CARD)

coa 0 00a00 0,0 010 0 0:3 :0 a60 COa 0:0 01 10 610 0 00 P 10 00a0:00 a 11 a 0ooar 0 0,0 0 1 Oki 0 10 0,0 0) 0 20 0 ý ''o a o a
II H t:4 1 It 1 :of.T, 1 '';'11t''''' I Io# I 'I l

t, 2 2 2 1:122 22221?1 2 22 2 2 22 2 2 72427?22 7 717 22 77-2 2 2 2722 72 7? 7 22 72 2~ 7 2 1 222 ? 2 272 2 2 272 7 22:

3 33 3 3,3 33 3 3 33 33; 3 33 3 11 3 13'1 j 33 3113 31313 3 3333333 3 J313 3 3 3 37 3 l3 3 3 3 33 :3 3 31 3 3 i331

A4 44 4 4 4 4 4 A4 44 4 14 4 4 4 44 4 44 4(4 4 4 4 44 4 4 4 44A 4 4 44 44 4 4 3 I 4 4 4 4A A44 4 444 4' 14 4 4 4 1 1 4 4 4 4

6 66 &6 66616 616 6 6566 61 1 616 6666,6 6 F6 &16 & 6 6 66 6 16 6 6S66 61. 6 61 66 6 L 6 6 6 E6 1L6 6 S1 6 k 6 6 r 66

71 7 17 C O ~ L L cAAYIN C'.PPJ 1 1i I I I'1

3I wI 77 1 0I' U1 A A it a, .1 17 11 ý I I 3 1 1.1

•g• ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~. ....... .......... .. '.... •-,•• , •••"• i

'~ -- ''
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The next group of dat:a to be entered are dhe inlet pressures. These values are

entered in the next available data field after the final U/C values. The number

of inlet pressures is the same as the number in columns 21-25 of the tirst APU data

card.

COLUMN FOMA DATA ThTMF.N9TQN'

Eio.O First Tnl].t- ,,,, PSI i

EScond TnI,9t Pr g..irr. uPsi ,

One or More Cards Car be Used

.Fnal T331 trPe~ur•..-aJ . .P

1'he final set of data entered is the efficiencies. The number of efficiency

values equals the product of card columns 21-25 and 26-30 on the first APU card.

._r. iia _- i a .. .. ..

L E0.0  Second Efficiency Value .

One or More Card _ C !J2_Us, ___

[ E1O.O ! Final Efficiency Valuc --e_

EXAMPLE CARD

1, ,ooI * I 'loo •o~oo .o~oto cono 0£flu000 000o

,0a 0 0 :a 0 a a-o 0 10 0., ao o am010 i 0 0• a D0 0 4, (110 0" a" " . . . i" , 0 0- L, :0 0. . ".. .0 a", n
V, .' . , , ,,, . ,,, , t .

,"I I 1 I 1 I I I I I I I I I -II 1 I I I I I I I ' I I I I jI I I I I I' l II I I 11 I 1 I 1 I;' I 1,

.1 I 2-7 I? 7 7 1 2 2 ? 7 2 M 2 7 ? 7'? 212ý2 21 2 Y 2 2 22

22222_22? 22122 "22-,, 2, ,72 2' ,2212?2,,22:2

Ili 32 i .I!3 3 113)33 32 ;3 ~3 33 33333 3 33j 33 3,3 333 113 33 1, 3333 ,3 i 3 31333 1 3 3jj s g

4J4 h4 1 4 44 I44! 144114 4 4J'1 A4 414 4 44A441 4444 44412i44414 44 iI 1 44 A 4 4 1a4 4 I4 4 444

I , I
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6.98 CAD98 INPUT CONTROL DATA

CAD98 is used as a dummy input subroutine for actuator position commands

for multiple actuator systems. Up to nine actuators may be controlled by

I. CAD98. Unlike CAD92, hinge moments are not supplied to the actuators.

Commands are updated at .020 second intervals.

The input data is used as a time history of the actuator input position

command, using a linear interpolation for times between the data points.

The number of input time data points and position command data points should

be both equal to the number input on the first card columns 65-70.

iI I1
I,
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CARD NUMBER 1

COLUMN FORMAT DAIA

1-5 15 Component Number

6-1.0 15 Type Number = 98

11-15 15 Number of Real Data Cards = 2 or more

16-20 15 Actuator Component Number

21-25 15 Actuator Component Number

26-30 I5 Actuator Component Number

31-35 I5 Actuator Component Number

36-40 15 Actuator Component Number

41-45 15 Actuator Component Number

46-50 I5 Actuator Component Number

51-55 15 Actuator Component Number _

56-60 15 Actuator Component Number

61-65 15 rotal Number of Actuators (9 Maximum)

66-70 15 Number of Data Points in Time (and Input) Data

71-75 15

76-80 15_....._ _

EXAMPLE CARD

SI 00c 000 a a 00 a 00 00 000 1 0 0 a000 a 0 0 0 000, 0 a 0 ' 3 0 a 0 o 0 0 0 01000 00000 0 0 000 0 20 0 000
l, 1 ' I I I II 1 I, 1 I I I I I I'I I I I 1 t III I I ii I 1 I I I I 1 I II i I '"l I II 1~ I I I I 1 . I I I I l , I 1

I In1 1) 1 1 1 1 l .

2222,"')272 -7???2 2 22 222 22 7 2 222 2222222 2 7 2 2222727 22227222 7 72 222 2 2272 2" 2 ? 2 2 22222
II

33 Jii,33333 333333,3 3 33 333,33333333 35 3 333 33333 333333333 1?3 j333 33377 1 3 3333 3 333 33 33SI -I I I

444444444 4 444 44444 444 14444444444444 1444444 444,44444 1444 4444 14 4444444 A 4*344

5 5 5 5~ 5 5,5 555 ý 55 5 55 S 55 " 5 : '2s55555555515 55 55Vý5S55 '

65 6 ' F, 6ý i6S iI- 6 66'60 a 65=1 = 6 b fi2 a as as 61666 66 6 6s Es a a ý 6 6 6 6 66 a 6 6ý 6 as a assir,6( 1
SI I I 1 M MCDONELL AtJ rA4 N COPPAN Y :

11 301 1 1 1 7 1 : I I 1 1 1 1ll1 7 I )1 11 7 71 1 ? 1 1 1 771 1 7 1 11 1 ' 1 1 I
"q I a u 98a A i I r 8 '1 p e a a 8 a a a a1 :8 11 a 8 e9 a P 8 a 9 d

I 79 9 9..

999 1 q 9 ,9999 1 99999 99it999 9 q9 999 9 9 9 a 9 99 9 99 9q99 99 139 3 3 3
7 99399 Q6 .98-2 , 9 ]
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CARD NUMBER 2

COLUMN FORMAT 1  DATA }DIMENSIONS
1-10 E1O.0 IFirst Time Value (Should Be Zero) } see

11-20 E1O.0 Second Trime Value.f see

21-30 E10.C0-

31-40 E10.0 _ _ _ _ _ _ _ _ _ _ _-_ _ _ _ _ _ _ _ _ _ _ _j______

One or More Cards Can Be Used

51-60 E10.0 fFinal Time -_ ________ I see

61-70 1E1O. 0I

71-80 E1O.0

jI EXAMPLE CARD

3 ~ ~ ~ ~ ~ ? 4?' . .A 2 2 7' 5 *' ! 7' 9 W0 4 3. *,ý 14 33 '3 1 1, NI 4 4? I44 4 4 S 4749 50 ' - . 2 '

ao a a o ;ga 0o050000 0058500000010o5000000o00o0e500 ovo ofno 0 00 2'0 paa 0on0 a o0 0100 a 0 'ooaao0o0oaaoooaa0a0a
I I I I I I1 516 11 311 '' if it:37 6 3' 36 h h 3v 3 ' 1 34 1, 3, 6! 3613 4 42 It1 1 A 44 0:46 C 46 4, oj I4 V4 w1 k)' $1 1 4 1 61 66 1 18 ' 3'13i '' of

7?722732 2 2222222 22'?222*2J2 22 242 2271 22 222'?? 2212 2 22 22 2 2 222222 22 2 21 2j2 22712 22 2 2i21 72222:22 2 1

331333'333 3333331331333333313353323333333ii 33333331331 - 3i'333 ,353313333 3ý3 3j3,333 J3 3 j33

4444 4 3 4 4 4 !, ! ' B I ' 4 4 31 4 4 16 4 14 B 4 36 4 I 41 . 4Il 3 414 33 4 . 4 114 4 ~4 I 41 . .,4 , 4 ~ * 414 414 4 4,41, 4 41 4 4 4 B 1634

5 55 5', 5 5335 5 5:5 -.55 5,5 ' 1 5' 5It5 5 555 5 ' 5 5 S 5 5 j55 5 5 515 5 35555)5 5 5

6' 6655 5 E586666 65655 516566 6565.16616 655566566 666 C5 615 6 G6 6 6.56 3 6 656556 6£a16 fsG6 66ý' 5 66:66 6 5 & 55 6£
7' ' CDONNEL L AUTOOMATION COPAP4NV ' ' I' I17 7 1''

I I 1 7 1 1 7 1 112 17 1 71' 1 177')!?II 7 77 717 73 7 777 1737 177 7 ljj.' 7 1 7771 1;7 Ii 1 7 711111"I

9 8a I Ial1 1 v ^, I i - 1 6a1818a

I #4 j! 1 1 2 I tP 1 4 Is % I0A " 1 1 1 4 t AA 1

. .- 6.98-3



CARD NUMBER 3

COLUMN FORMAT DATA DIMENSIONS

1-10 E10.0 Initial Input Position @ T=O deg

11-20 E10.0 Subsequent Input Commands deg

21-30 E10.0 -

F 31-40 
E10.0

One or More Cards Can Be Used

51-60 E1O.0 Final Input Command deg

t61-70 E1O.0 j -

--71-80 F100

EXAMPLE CARD

I : I - I i I

B- , * . .t *,E, I B I U

.1222272222222222222272222222227 27772? 272222227122:22? 222212 122 •2722222 2222'? 211

1333 , 1 33 ' 333, 3333 1 3 i13 1 3 33 33 3333333 3A 3 3 3313 3i3 3 '3 3 •3•313 3 33 3313 ij 3 3)3 33 3 1 3

4 4 4 44 4 44 4 A44 144 44 44444444 _4 44 ' 4_ .4 4 1444 1 4 4 1 4 1 4 44 4 1 , 44 4414 1 4 44 44 4 . 444

55555 5555 555 '5555 55 5:5 5 5 5 5 5 555 3 5 55 5 5 b 5 35 5 5

C 6 &6 G 6 6666 6 6 F 6 6 6 6 5,6 6 66 616 65 656 6G ' I 6 5 6 5 . C 56 66 66 6G : 6•6 6 � . 656 L 5: 65 6
MCDONNELL ALUTOAri••N COMPANY

i; I a I 71 I T I a11 11 1I 's I 111 II I k I V I I I 11b I I 1 3 1 8 1 S I a ;

-- I I i I - -,' i

9? 1 9 9 9, 4 9991 9,939 99 i99 1 9: l9 • 999199 A9 9 0 9 99999999 199999999999 9 j9 993 3q99 99
* 1 , 5 1 1 1 ~ II' ?I 7t . 11 jI ý) 1. 11 11 79 9 1' 11) ! 15 'I* 0 AI I 1 5 3 1 .1 .



FOR SUBSEQUENT ACTUATORS

CARD NUMBER 4

COLUMN FORMAT DATA IDI MENS I ONS

1-10 E10.0 Tnitial Input Position @ T=O d'g

11-20 E1O.O Subsecient Input Commands deg

21-30 E1O.0 I

31-40 ElO.O _

One or More Cards Can Be Used

51-60 j EIO.O Final Input Command de g

61-70 E1O.0

71-80 E10.O

EXAMPLE CARDV" . . . . . .... ... ... .......... ..- -_

0 ;001 00000:0c1 11 0 aý60 1 0 0 0 0 DID 0 a usi Aa' A 0 *Uo 0 o 0 1:69 0 0lo 0o 0 00 jý3 0N 0 00 00a0 0 a 1) I0 na'Da 0 (1

7222 2:22 22 2 22 2 222:22272 2 2 2 2 2:32 12 22 72 2:272 2 22 22 2ý22? 7 2~ 27, 2 2 7222 22 21 2 2 22 2 7

3~ 3 33 3ý3 3 3;3 3 33 13;33 3 i 313 333:3 33 j3 33 3 33ý3 i31fill33 3 31 3 3 i 313 33 1133 3 3 3 3 333 j 3'j 1:3] .3 3 lj J
4 4 44 4 4 444 4 4 44 44 , 4 4;

414 4 4 4 44 4 4 4 44 '1 4 4A434 4 4 4 4 4 44A4 4~ 44 4 1A4 4 4 '14 4 147
1 1 I7 I I1, I 1 1 1 :1 1q 1 1 1• 11 1 1 1, 1 1 T I I I 10t 1• ti I I 1 1 7 I 7 1 1 7 1 a 1 7 1 7 7 1 1 1 t I I ' ,

i I I 1 8 Ii

I 2 I I , 1 2 9:21 1 ' ,99 1 111 fi s l~ I 1 1 9 it 1 9 9 1 :1 9' 1 17 I t : 1 97? , :1 1 , 9719 9 9 9 q 9 9 2 7 .9 ' 1 .9' 4 q j 1

,I U 4"" 1
11 1iltOO N L U7ojr(~ O P N '• I . , , 4'i.

4 :t!!I!!!!!!It!tl. ! !l l t l l , l!I , 4 5 4= ..

I I ',I ' •ti i IS BillS555 I IiIi ltiIS:I lllllll Iilii551 0551 IliS Bfll Ill s 1 a .l• ltll soi , i s 00 '



6.99.1 TYPE9_ SDF INTERFACE

CAD99 is a special component which provides the necessary interface

between HYTRAN and SDF.

The CAD99 subroutine used must be either for the ascent flight or the

descent flight.

6.99-1



CARD NUMBER 1

1

COLUMN FORMAT DATA

1-5 15 Component Numnber

6-10 15 Type Number = 99

11-15 15 Number of Real Data Cards 0

16-2C 15 Left Outboard Elevon Component Number

21-25 15 Left Onboard Elevon Component Number

26-30 15 Fight Outboard Elevon Component Number

31-35 15 Right Inboard Elevon Component Number

36-40 15 Rudder/Speedbrake Component Number

41-45 15 Body Flap Component Number

46-50 15 No. 1 Pitch TVC Component Number *

51-55 15 No. i Yaw TVC Component Number *

56-60 Y5 No. 2 Pitch TVC Component Number *

61-65 15 No. 2 Yaw TVC Component Number *

66-70 15 No. 3 Pitch TVC Component Number *

71-75 15 No. 3 Yaw TVC Component Number *

76-80 i5 Temperature/Pressure Code (See Page 4.0-2)

* Note: Not used in descent simulation

EXAMPLE CARD)

r0 0 00 0 0 0 0 l D 0 0 0,0 00 0 000 0 2 0 0 e 0 C 0 0 0 G 0 0'0 0: 0 7) 0 0 00 0 a 00 0 0 3a 0,0 0 0 0 0 0 0 a 0 0 C 00
.1," : I I III I I I I I I 7 I 1 1' 1 II l li I I I - I I ! I I!s 1. 1 I It I lI4) I 0,1 '1 0 A!, 7 I I It 1

2 ?2 2 222 27 2 7 22:277 i 2ý2 72 20 7 N222 722 2127 7 77 77777 2 7 2:2 -22 7 7 ?277?1 i '2 -2
- "I2'I "" -i - 'l.

3 3 33 133I33313333 33333 ] 3 3 ' 33333 33 33 3333:333333 33 1 '12 3 .117 33'3 33 3 3 1 '1

4 4 44 41 4 44 444 1 1414 4 4414 ,, 44 4 4 4 0.4 14 4 4 44 44 0 11 4 4 4 :444144414 444441
u, '*4 4'I I 4 I iC,. '4 4.'

1 555 5 5 5 5 t( : , 2 51 5 SS5 "95 -':,A - " ., , ... . , , ,

F 5 -5 6 S b 1 S S' 6: S 6 i 6 6666 6 ",, 066 6 616EF66 OS L' 6 G 6,6 6 i6ý5 66 r,66067£ 6£ tO 4 jC6 tt C ; j, g f' S 64L3
A4(7:V)ONNrLL. 4AJTOA,,Ar10N C.,A,-'ANY

9 ,'27 399 /3P; 9 213 598 � I ) I 5I3 9 , I I 9 591 9 9 9 94 1 91I 9 99 979•939399: "' 97 91'
il * • 4 . -It.-' I ) •" | i .,.' #) i 1 ) i 5 I 4344 4?4 ¢ 4 ' I 4 4444 l• "'' i . ' , m a€ ; k : ' ¢ , i d

, ,



6.100 ACTUATORS

The actuator models are setup for a specific actuator or for a general

I type. The general type can be used to simulate actuators by using the

appropriate input data, if the general configuration is clore enough to be

acceptable. The following types are currently available.

Type #101 Valve Controlled Actuator (ACTI01)

Type #102 Utility Actuator (ACT102)

Type #103 Shuttle Elevon Actuator (ACTl03)

Type #104 Engine Control Actuator (ACTI04)

Type #105 Thrust Vector Control Actuator (ACTI05)

Type #106 Shuttle Body Flap (ACTI06)

Type #107 Shuttle Rudder/Speedbrake (ACTl07)

Note: Zero stroke (noted in the input data) is defined as the piston

position when actuator is fully retracted.

6.100-1
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6.101 TYPE #101 VALVE CONTROLLED ACTUATOR

Ret rn Pressure

Connection No. 2-- Connection No. 1

Command XV + VE

No. 2 Volume No. 1 Volume

LoPa4 0013 2

FIGURE 6.101-1
TYPE NO. 101 VALVE CONTROLLED ACTUATOR

The valve controlled actuator is an actuator with an integral valve th4t is

typical of servoactuators. One line is connected to pressure port and one line is

connected to return po't. Actuator designs that can be used are as follows:

o Balanced actuator

o Unbalanced actuator

o Partially balanced actuator

o Tandem balanced or unbalanced actuator

o Parallel balanced or unbalanced actuator (provided all piston

rods react a common load).

Unbalanced actuators require a node in Volume No. 1, see Section 7.0.
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CARD NUMBER 1

COLUMN FORMAT DATA

1-5 15 Component Number

6-10 15 Type Number = 101

11-15 15 Number of Real Data Cards = 4 or more

16-20 15 Line Number (with sign) attached to Connection 1

21-25 15 Line Number (with sign) attached to Connection 2

26-30 15

31-35 15

36-40 15

41-45 15

46-50 15

51-55 15

56-60 15

61-65 15

6 6 -70 15

71-75 15 Number of Data Points on the Time Data Table

76-80 15 Temperature/Pressure Code (See Page 4.0-2)

EXAMPLE CARD

0D a : i00a00 o000a00000000aO : 1 3 0 C, : 70 0 9pk 0 0o 0o 9 cGn1n

7; 70 11 2', 21~:, 72?'3? 22 2? 2:210

313 3 33133313 3331 3 3 13311 3 3 1!? 3 3313 333 1 3 13 1 1 1 3 1 31 3 3 !

444A 4:444 414'14 4 '4S A44 $11 441 4'1 1 44 .1 4 4! 4 4, 4 ¶ 1 44 4 1 14 4 4 4 4 44

616 * 61 6 66 ii 666 6 A1 f.6 6 6 6. 6666 66 6 i 6 C6 4. 6 66 6f

I F 1 S R s IB i 1 77 9 A I IN 1 1 I I p I 1 1 1 'p .8 F F l 8 8 4 a 9 ]

9: 199q9 9 9 A 19 9 1 19 !q9 9 9 99 ;1 9 96 5 5 1 q I' 99999

6.10O1-2



CARD NUMBER 2

COLUMN FORMAT DATA -T DIMENSIONS

*1-10 E10.0 NO. 1 AREA IN2

11-20 E1O.O NO. 2 AREA i IN 3t

21-30 E1O.O NO. 1 VOLUME AT ZERO STROKE I IN 3

31-40 E1O.O NO. 2 VOLUME AT ZERO STROKE IN'

41-50 E10.O STROKE WITH ACTUATOR FULLY RETRACTEDI IN

51-60 E1O.O STROKE WITH ACTUATOR FULLY EXTENDED I N

61-70 E10.O VELOCITY DAMPING i LBS SEC!IN

m71-o E1o. LOAD MASS I LBS sE.:C-/IN

EXAMPLE CARD

0000c CI D : 'a,' o I, 0 7 0 t, a' 0 0aa 0 ' 1)o a o~ aI 0 j ' 9g0 a a .. . .a -~omo

a' . 0. .aa'a ,$1 ?:~ ? ' a . a, a . a . '.. .. . .. . .

• +, 0000000 u 'OO0 00 01O le iO 0 i lrJo 00 0,]OO0000000 o0000 3 '. 2+, 3, 13130 O ao a 00 jO IDa 1 .

1 lI, 1 1 , I ' I 1 I 7 1 :,6 it v. 3 I id , r o 1 A 1!

132 ' 2?2 272221 7 1:2 2 22 ,2221 27. 222 1 2 2'7 2212321 2 ?)2 ?12? 77 2? 72 27 7 ; ?? ?2 .2 ?7 ?

3'('. 31 3 333 3 3 333 3 3 3 1 3 13 1 1 3 3 33333 1333313 3 33:3 1 3 3 733• 1 3 1 3 1 3 3

S44 4 f4 44 4 4 4 44 1 4 4 4 '44,4' 4 .1 4 44 444 1 4

S+ , t '! !
a. I aI -+

6 666 6 55 f 66 6 65 6 P 6 616 5 6':65 Sb 6 6 56 6 6 566E F.66616A 656 6g65 6 1, 6 656 665f 6 bf
OCONýIILL AUri(W64ATION '.C PW I ,'A V

i i , a 21 3 1 ' 7 ' 1 i711 107 ,1 1 717 1 II, +1 I I ib , '

0005'__" ! 9 '•9990 ! 0 93 00 9a, • ii 09 1000 | °•• l)•! 9  )9 0,9011 O;+l0931 00 00 069 lo099
a++ =. .. ,, .. ... .'' I', 1'' ta a 

1
*a,'IC I 4'*

4 _______i________i________:________-____________



*I

CARD NUMBER 3

SCOLUMN FORMAT DATA DIMENSIONS

1-10 El0. 0 SLOT WIDTH VOL # I TO CON # I (when xv is pos it iveI IN

(when xv is
11-20 El0.0 SLOT WIDTH VOL. #1 T'0 CON #2 negative) IN

(when xv i s

21-30 El0.0 SLOT WIDTH VOL #2 TO (,ON #1 newn ltive) IN

31-40 ElO.0 SLOT WIDTH VOl, P2 TO CON #2 (when xv is positive IN

41-50COMPRESSIVE LOAD WITH ACTUATOR FULLY

41-50 EIO.0 RETRACTED LBS

COMI,'ESSIVVE LOAD WITH ACTUATOR FULLY
51-60 E 1O.O I' :ENIDEI) LBS

61-70 E10.O INITIAL ACTUATOR POSITION IN

71-80 E10. 0

EAIPLE CARD

A.. * 44.• . . . . . .;. . .. .. . ......N) ?? ~ 4~ l Y'...... .. .... .. . .i .. .... .. .. .. .. . ... . .. .. .. .. .. .. . . ..

0:! 0 0 013 0c 1l a Ole a '00 00 0aOe 0 0a 1 0a0 0 100 0 00 0p0 ale D 1:0 a on a0 o a1 0 o 0 a a 0 ou 0! 0 'l 00 0 00 0 010 0 00
sI: u I t, ;'I t r , 1 , -1" ' ' '" I I 1 Sr 1 1 W I 1 1 1 :2

i?7•02, 2 2:? ] • 17 2 7 1. 2 • 22 ?? 2?? ? I ? ? ? 2 ?72222 ? ?22 22 27 2 2 7, 2. 21 : ? 2 7 7 ?'. 1 : 2 2: •

33 31 33 3 31 3 3 3 ý33 32 1311, 1 1 1:3 3 3 7 3;3 3 3 3 33 1 1 33 3 3 3 3113 3, 3 3 3 3 313 33 3)1 33 1 3 3,3 3 3 1

4 44 4 q4 4' 44' 444 4 44 44 44 44444 444 444444 4 444 44 444 4 4 441 1 44 44444 4441444 4 A 44
:• i! ' , , •, . . . . . , , , , ,.I ' " a: "* '•. ; . ,, a, , ... . . .,',,a ,. a '... a ' a'.~ . . ,a a.. - :,

6 56 6:6 6 666 6 66 A 66 616 5f6 6:s6 66 6 6if5 6 6 6,9 6 66 6i, 6 6, 511666116 6 !166`6 6 6 6 66 6 f6
7'i ~ A- I I1 tOANELI. AlJ7OA.ATION CO's.PAP.. V~~1i6666I66b6B66666

-I 1 1 4 I ? 1 7 I 7 7 II - - - :11 1 1 I I6 1 * a ' I I I I 1 aII

q9 9 9 , 9 9: 90 go Il 193 9', 3, 9 1S 18 1 1 I1 9 600 I 08 99S 9 g 8
4m I I9 A 9

"I :" S II.•I5 '5 I. ., _6.1.0,I,-I 4



CARD NUMBER 4

COLUMN FORMATI DATA DIMENSIONS

1-10 E10.O First Time Value -Should be 0.0 sec

I -I
11-20 El0.0 (Enter as many time values as sec

21-30 EIO.O required using as many columns

31-40 E1O.O and cards as necessary - Final

41--50 EI'C.O time should be final calculation time).

51-60 •10. O

61-70 E10,0 0_ _

71-80 EIO.O _i

EXAMPLE CARL)

00 00:00 r10 , 2 G C00 a 0 0 00 0 j oj 0a 0060 90 I; o 0 C 6, 0 0 U 0 0 0,0 0 ,0 0 a i 0 00 0 00000
* 1 7 I I I I I I . I ) I I I I I , i l l| l l+ 1 :1• ,i I I" I i I I+. • l I: ' l it I •I

2 772217 77Ff72227 ' 2227 12' ', i7 2 '.
2 3 23 7 33 3 33 1 331 33 33 2 33 71 : ? 22 ' 2)?277.7? 2 2 2 2?2 2 2!7 27 2212 271, 21

3 I 3 13 33 j 3 33333 j 1 133 3 3 3 j

A1 444 4 t 444414 4 444 1 444 144 4 4 4 4 4 4 4 4 4 4 4 +4 4 444 4 444 4I t4 4444414 44444444

' .CCi W • I A 7(-,)A4 , rooN COMP. i

9 g 1 g i 7 ' 21 S '9 " 9 gig I , ' S 1 9 1 q 1 ' 1 1 1 9 ; . 7 9 s 1 I 5

"" * 8 3 1 1. 1 .4 0 It I -

l go a 1 s o i oh t | a| a 3' q§ ,| " , ,I . i sI ot t• , ' i. ... 398013319 9'ht t

_ 9''' ,&119;'I I, ,,a!•, ' 9,9 .. *t•



CARD NUMBER 5

COLUMN FORMATI DATA DIMENSIONS

1-10 E1.00 Initial Valve Position @ T = 0.0 in

11-20 EIO.O (Enter as many valve positions as

21-30 El0.0 time values).

31-40 EIO.O

41-50 EIO.0

51-60 E1.00

71-80 EIO.0
I _____ _______i______________ -______________. ___

EXAMPLE CARD

S--

'V

Od 40 10 o0 a 0 00 00 0:0 000I0OU 0a0:0 c 0 0,a0 0 0 DeG60;0O0 0 00:00 0 0 a0 0 010D0 a010 a o i0a0 01JL ! ;
7" ' ' 2 2 , 2 2 .4 2: 2 2 2, N 1 ? 2 2 II• 12 2 , 4 24 44 1 4, 4 2 47 2 7 • ? 2 . 2 • ,14 2 2
I. I 1,, I I I 1 1 1 1 I, I I 1, I 1 1 Ii 1I I i ti I Il I Ii I I I 1 1 .I 1 I 1 I, I ; II I 111 I I 21 I • t I

'' !. 33s 3 3333 3 !3 3 3 33.1 33 30n , 3 33 3 3 113 33 3 3:331; 433 33 3ý 11 3 3 333 3 ','i 3! 'I I . .. ..'1 4

• 44 44 I 4444'4444'4444444,444144 444I4,4444 4 l 444 44442444I4 2 4' 44 /4' 44t 1 44 II4 4444Ii4444

: , A 1 ' 2 , ,444 4i 444 A ', 4 .3.

6 6 f i ; 6 6 6 6 6' 6 6 6 556 6 io6 61i 6 1 6 A 65 6 S 1 6 6 f i 6~ 6 1 6 6 1 616 6 5 S 1 6 Li 6: 6 6 Si 6 b bSS 6 i

D.4C0ONNL1£.L A,J1'.)AATION COMPAAVY

oil Ib$ £ b a , * o ? it# m I i' s 1 a I A I I i'6s is , s e I I i I ' s " 1 1i 1 ss o II " SI Slia I • s1 i

9 S9st q 9 91 9 is 1 9 5 ,S 9 sit II l tS 1 91S I ý9119 1I 01:9 11 111 ,1 911 ýfI I1 I q i Il1, 9 1 1 1 1 19 1 1~ 91 1 9, 1)5"" I L,4 4 I , 2' " I ,212 "A " 44. 4 " " " " -2'' ,4,." ' , 4,2 7 ,
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6.102 TYPE #102 UTILITY ACTUATOR

Connection No. 1 Connection No. 2-

No. 1 Volume7

No. 2 Volume-
P4i013

FIGURE 6.102-1
TYPE NO. 102 UTILITY ACTUATOR

This is a simple utility type actuator with a line connected to the

extend port and a line connected to the retract port. Actuator designs that

can be used are as follows:

o Balanced actuator

o Unbalanced actuator

o Partialln balanced uaactuator

o Tandem balanced or unbalanced actuator

o Parallel balanced or unbalanced actuator (provided piston rods
react a common load).

Unbalanced actuators requi-e a node in Volume No. 1, sue Sect'ion 7.0.

.1l l ;



CARD NUMBER 1

COLUMN FORMAT DATA

1-5 15 Component Number

6-10 15 Type Number = 102

11-15 15 Number of Real Data Cards = 2

16-20 15 Line Number (with sign) attached to Connection 1

21-25 15 Line Number (with sign) attached to Connection 2

26-30 15

31-35 15

36-40 15

41-45 15

46-50 15

51-55 15

56-60 15

61-65 15

S66-70 15 _____________ _____________________

71-75 I 15
76-80 15 Temperature/Pressure Code (See Page 4.0-2)

EXAMPLE CARD

1

0 .0 i] 0 0 a 0 U a 0 0a0 00000 0 000 0 0 0a 0 0 0000 0 0Q;0 000D000 U 0 b0 0 00 0 0a 00000000 a 0
11 9'7 11' 14 1' : N I 6 . 4; 1 C 41 44 0104 4' 4 40 0 CI | I "1 I l l l I I I , iI I I I 1 I 1 1 I I I I I I I 1 I t I I '1 I I I I '1 I I I

7227222,12222 ,'222222222ý22722? 222212,222222222'22222222 2?22222222 222?2:22 '22222

S]3,333 333313 '33 333!333331333333,3333,3331333333 ~333333 3 ' 33333 3233!33133333'3333 13, ]

S441444 444 4 44 ' - +i: 444i- 4 44L44444474 C444444444 4 ' I4 4 4 + 1 , , / , , • , : 4 4 4 4 4 , ,1 , 4* . . -

6 6 !, 6 6, t 6 6 665 6 6 666666 6 66 SI E 66 6 6666 66 1 66
MC.DONNNLL AUTrcMATION COMPIAN',

1 '11 A 1 0 :b 1 11 a 8

5". 71111 I f117 7 170 I II T I •,03 1 7 1 1 T } 7 11 0 1 01 0 : IT '1 01 1 I ,' 1 7 17 i • 7, 9 7 7 ' • 7 .

9 3 99!99 993 :19. 9 9399 3 9999 I990 9 1q99 999 9 9 99891 9999999 99 '9 4 39 S 9g 9 9Ig g 9999 99999

., 6.102-2



CARD NUMBER 2

COLUMN FORMAT DATA DIMENSIONS

1-10 E10.0 #1 Piston Area (Extend) in

11-20 E10.0 #2 Piston Area (Retract) in

21-30 E10.0 #1 Volume at Zero Stroke * in3

31-40 E1O.0 #2 Volume at Zero Stroke * in 3

_

41-50 EIO.0 Stroke to Minimum Position (-ve or zero) in

51-60 E1O.O Stroke to Maximum Position (+ve or zero) in

61-70 E1O.0 Seal Friction lb-sec
S1 ; in

71-80j E1O.0 Piston Mass ilb-sec /in

* Zero stroke may be at one of the limits.

EXAMPLE CARD
• ......... .. - ------~-- -+- i .. ,. ..

4i) .i . .. . 4, . 17 3'9. -4.4 4.4 .1 1

1. 2...* 4, 4 4 1 It I

44,2 -: ,[ ' I 'I Iili'l 1'4'4 'JI''I • II!,I '11 l +P;','1 4 4' ':4.1,-a41444,444,4,1 l', "'4 ' , 544 ++I + 4,4 4Iii II ); l-' ,4 -" 4 4 . . . .

I i I I I 1 I I ! 1 1 l I i f I I I I I I I I I I IP 1 1 I I I I 1' 11 1 4' 1 • 1 , t I I 1

S,++ 22 22 • 2 22 22:2 222 .22 2222222222,222 727?22z 23,22 ,2272 12 , 722 • ? ! 2 2 2,2 •'?. 7,? 22 +27'72222S+ II I I I

33333.3.3. j 3i 333 33 33333 333 333. 3 131:j3 333 13 3'!3 3 3 33 |33 13 3 j1 1333331.3 33I

44444 444444444 A 44E41t444 4 '4444444 I 4 4 444 4 1 4444 4 *14 4444 4414 44 4444 4 4 4 !444 1 41

5'515 5 +55 5 ' 55, 55, 5 + 5 1• 5 51 5 ,+ , 5515 55 ,5555 5 J5 ~ S5 '+ .S55+S S S S'S ,J,I 5  :+ ++

6 6 6 56 66 6 6 66 66 5666 6 6 6 561 6 5 6 5 666 65 16 6 6,6 615 6 6 6 666 t 6 6 6 6 5 6 6 566 6 6 6 66 f

PAC0O^VNELi. AUTOMATIoN COMPANY , I

S9 89 I'll l I 1l 111: 1886 I I 8 a -1 S' 888 8 8 18' 6 1 a18 as8861 •1 68: 8 8 !8 B 1 48• 8 8 188a
933:3 9 99,9 1161 8 I I : I~ -

g 9 9 9 :S 9, S9 9 ++9 99 9 s •9 9+ 99 99 9 19 | 19 9 9+4 99 9 
9  999 9 9999 9 99 q 99 9 9 99 1 9 1

III I i ?1 . .'. ... 1.. 1 S... I .. ?I .. 1 04 It 4 4 4 4 4. 1 4 4 1 P S 4 A I J 9 . Ls I I 'I

-- ----- ' - ---...... -- 6 6. 102-3



CARD NUMBER 3

COLUMN FORMAT 1  DATA DIMENSIONS

1-10 E10.0 Load at Min. Stroke (retracted) lb

11-20 E10.0 Load at Max. Stroke (extended) lb

21-30 E10.0 Initial Stroke at Time T 0.0 in

31-40 E10.0 .0

41-50 EiO.0

51-60 E10.O - _[

61-70 E£1.0 -0

71-80 E10 .0I

EXAMPLE CARD

S-! U)N• -1 i) ,'' 3 4E3 ,. " , 3 4 4 4.

/i . ' I I -| - 2 ''

0 no a0 0 ~ cl 0a a.1 a 0I 033 0 a 0 V 0 0 0 00 60Q 0 0 1,DD0 CD D 0 0A0 0 DaOBD DOa 0 0 00aCC coo o B D aa0 0 GUI0 0 ýo00 0 00 '2

l i i j l I I I I I I l 1' I 1 I ! I I 1 I I I1 I I I I 1'1 I 1 I I 1 I I I I1 I i I 1 i I' I 1 ti 1 1 I 1 i I • 1 1 1

;7 2 2?2272222222,22277277? 2.? 7227727272227?2272722,272 7 212 722 277' 222 2?772

3333 433ý33 3333333331 3333 :,3 3310333 13 33333 3333 3 33 3j3 33 3 333 3 .3 . . 33333 33 3

1 4 4 44 4 4444444 44444 4 4 444444 14144 44 44 4444 4,44444 4 ' 4 4 , 4 1 . 414 .4 4 444

-S S Sb % i5 5 5• 55 5 , Ss 5 5ý S 5 5•5 51) S 5, 5 55.

5 S 6556665 6655655566+ b666146666 656651656666666166 Ii 66 SC6 6566lTlg++5666+5 ';•b. +C C

AMCDONNELL. ALTO.r ATIOA N COA4A•NY
3_~ i••+ 1 + I ;1,T T ii I 011?: 11111101 I I T+ I I I Ill I II ? I I '3 I . IT 11•+ 1 31 13 7 , .. 9 17 1 111T 3 :1 I I I ' 7 3' ' 7+.,

m ,

uIr 4 81 0 9 a .a

9 3 9 9 9,j 9 99 9 999 9 9999 9 is9 11 9 9 9 11 9 999 1, 9 191 9 1 9 9191 99 99999999 93 1 3 - 9 9 9 9a

6.102-4



6.103 TYPE #103 SHUTTLE ELEVON ACTUATOR

Subroutine ACT103 models the shuttle elevon actuators, the layout of

which is shown in Figure 6.103-1. The elevon actuators operate fron. a

single pair of hydraulic supply and return lines. This supply and return

is normally supplied by the three hydraulic systems via a switching valve

module as shown in Figure 6.103-2. For the purposes of modeling the

switching valve module is considered to be a separate component. The input

command and hinge moments are supplied by a Guidance and Control subroutine

which updates the values at each sample time interval of the guidance system

which is .04 seconds. The initial position of the elevon actuator and the

aerodynamic load on the elevon, which are inputted, are used to calculate an

initial value for VC. This computed value is th-en used as the initial

command to the system. All other variables are initialized to zero.

-&.ki ,6. 103-1
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CARD NUMBER 1

COLUMN FORMAT UATA

1-5 15 Component Number

6-10 15 Type Number = 103

11-15 15 Number of Real Data Cards 2

16-20 15 Line Number (with sign) attached to Connection I (Primary)

21-25 I5 Line Number (with sign) attached to Connection 2 (Primary)

26-30 I5 Line Number (with sign) attached to Connection 3 (Standby #1)

31-35 15 Line Number (with sign) attached to Connection 4 (Standby #I)

36-40 15 Line Number (with sign) attached to Connection 5 (Standb:t #2)

41-45 15 Line Number (with sign) attached to Connection 6(Standby, #2)

46-50 15

51-55 15_ . ........

56-60 15 Primary Hydraulic System No.

61-65 15 Standby #1 Hydraulic System No.

66-70 15

71-75 15

76-80 15 Temperature/Pressure Code (See Page 4.0-2)

EXAMPLE CARD

.I! III? 2 +I=. -1;?

61 a

4K . . '... . .. . . ,... . . . .. . . . . . . . .. . . . ..... .... ... .. - .,: A . .....l.~

31 3 1 3 ým 3 1 ý 3 3 3 3 3 3 3 '3 3 , 3 ,i 33 33 A 3 3 333'Iý1 33 1 1 1 3 , 3 ý 3 !323,,

4 A4 44A4 4 4 44 4 4444 4 4 41A4 44 44 44 4A4 4 4 444 A1 4' 4 444'444 4 4 41414 4Y 144 4 44 1 4 1 44 44

56ý L 66 6C6 66 6V6 63 :6 6 56 116 ~6 6 6 646 66 6 5 6 66666 6ý `566 6r Z5' 666 5 6 FCCF b
AA CDON.NE'LL AuTC).1Ar#,ON COPAPANV Y

1' l I I I i I 7 • 1 7 1 I t IjI I 1 "1 1' 7 1' 7 ) I I 1 1i1 1 1 1 I 1 I I u' ' ' 'o

4994 938 88 9•S SI8U8s'S SId Ifialtl w 89g SO lMb I88L 8!8 C•8• 58 4 6 487 9r,,•6.103
5 S 999Y) 9 Y,' ~19)959 3909998199(llg(91lg!991 4~ 199)lJ9499999,999199•9g3 32 ]J :n••j

* ' ' aI Z I t II I 77 I7 i I Sa a' 4 ' a. aS S.t~ '

S..............6.1I03-4



CARD NUMBER 2

COLUMN FORMATJ DATA D 1)IMENSIONS

1-10 E10.O Number of Operative Channels _

11-20 E10.O Bernoulli Force Coefficient in

21-30 EIO.O Power Spool Flow Gain /
*I .2

31-40 E10.O Effective Surface Actuator Area ain

41-50 EiO.O Structural Stiffness lb/in

51-60 E10.0 Elevon Moment of Inertia About Hinge Line a n-,lIb- sec

61-70 EIO.O Effective Elevon Damping Coefficient I in-lb-sec

71-80 EI0.O Linear Position Transducer Gain volts/l/n

EXAMPLE CARD

.7f.7 5 124.7 .4".7.

0 00 0 0;0 1 0 0 0 0 0 0040 I0 0 0aa0 0 0100 00 080 0 00'000 0 A(110 a 0 00 0 00n0 0 Pon 0 ,1 0 a -0 2 r

.4 1 10 0 ,
27,721222 222 12 2? 2.72 2 2 22 2 272 222'-1?2272 2 2 22 1221 7 221 2' 2 2 '2 24 2 2?

3333,313 3 * 33333 4 3 -3 ,1 3 S333 31 3433j,3333i ,3 31,3

1'4 " l i 44444 4444444 ý4'4444344 44 144 4 4 1444444 4 4 4 .. .41 "
5 5"bb55 b 

1
j 5555.5 55; 555551555•5 555555 •5 •'~55555 5j 4 J

4MCDONNELL AUTOMATIoN 42OMPA4N"

.,: + t I t I I ;II I = 11111 1 I I y I 11 1' 121 2'II41)1 I S .

74'

9 39 , 9 999 099,9191 9 9 9119 3 9,9 9 ,,go 1 199 9 9 q9,33 999 99 'gr9 S , 9. i

S4 .tJ II 4I.. 6--.103-5

•+!.:::l'•r: :+•:: i6. 103- 5



CARD NUMBER 3

COLUMN FORMATI DATA DIMENSIONS

1-10 E1O.0 f #1 Cavit) Volume at Mid-Stroke in 3

11-20 E10.0 j#2 Cavity Volume at Mid-Stroke in 3

21-30 E1O.0

31-40 El0.0 Initial Position of Elevon Actuator in

_ _41-50 EIO.O ist Moment Arm Constant (XL) in/in

451-60 IEIO.0 1st Moment Arm Constant (XL)2 in/in

51-60 E10.0 2nd Moment Arm Constant (XL) 2in/in 2

3 3
S61-70 E1O.0 3rd Moment Arm Constant (XL) in/in

4n/i
71-80 EIO.O 4th Moment Arm Constant (XL) in/in

___ ___ __I

EXAMPLE CARD

a: O 0 0 ao 00 0 00 00 0 0 0 a 1 0 0 00 0 0 41F 0 0: 0 0 V j O i 0 0 0 10 0 I I .000 0U -. 00 1 00

i 
I 1 1 11 1

7122 2 '222 2222;?222722222,772222 222,722 222 222272727 ?ý 222 21 32722222222?77727222222
3 1 3 3 3 33 3 3,3 -j 3' i3 33 33 333 3 33 3333 13 1 3 33 1' j 333333 3 1 ,j . 3 , . ý 3 j 2,3 3 3 3 1 1, 'li 3 1 1

I pI I 0

; S 55551 5 5,- 5 b 55 = ,, 55,. ,' , S 5 s S S S S s 55 bb S 5 5 s 5 s 55 S s s

! G6 6 6 F. 6l 65 • 65 S 6, , 6I 65 t66 66, 5 6 66 6 16 66 660 b6 66 6 6 66666 6 6C665 5 6666 6 •6 5 _ t C
i__ 1 1 1 MCDONNELL AUrOMATION COMPAr•SV I

1 1 7 1' 1 il I021 I I I' I I I I I I I I I I I I 1I' 1 1

i-- LE, 
, A'A I I I+,• l I It P9? 4+1 8 1 1 , +4 Ill 6 i 12 18 1• 1• 1 "I |e447i| ',il Ii lI 8 .. ,6 8 k 8 l age 8 a " 1,8 1 a a: 88 At a I Big R P I ,

6.0 -



6,104 TYPE /#104 SHUTTLE ENGINE CONTROL ACTUATOR

CONNECTION #2 CONNECTION #1

z 7

u -7 I P

l it

- - -

FIUR 6.0-

I: TYPE NO. 104 SqHUTTLE ENGINE CONTROL ACTUATOR

The No. 104 actuator is a model of a rush-push servoactuator. External

Sloads as well as friction are not included in the model. Data inputs required

ImI

iq .are rosition transducer gain, serwvalve gain constant, average effective

r• moment arm and piston area.
6.1 4-

Bp

FIUE6.104-1



CARD NUMBER 1

COLUMN FORMAT DATA

1-5 15 Component Number

6-10 15 Type Number =

11-15 15 Number of Real Data Cards =

16-20 15 Line Number (with sign) attached to Connection 1

21-25 15 Line Number (with sign) attached to Connection 2

41-45 15

.46-50 15

51-55 15

56-60 15

61-65 15

"66-70 15

S71-75 15

76-80 15 Temperature/Pressure Code (See Page 4.0-2)

EXAMPLE CARD

'p.+

1 a a a V:0 0 010~ 0 00 0.11 0 0 06 0 a 0 01G 00 0 00 0 00!0 0 000 0 '0 0 0 0~ 0 a V ao 0 oo 0 0 610 0 a 0,0 a 0 no a 0 0 0,0 o 0

2 2 P2 22 ? 2 222 222 7222 72 7 22 2' 2 227 2222 2. 2 ' 222 2 '2 2 22 2 2 72 .2 ' 2 2 :2 ? 22 7 2 22 7'7 2

31 3 313 3 33 1 3 33133 3 3 31 3 3 3 331 3 331 3 3 3 33 33 33 3,33 33 3 3 3 33 3 13 3 1 3 3 31 3 3 3 33'13 3 :3 3

4 4 4 A 4 4 4 1 4i 444 4,144 A 4 4 4 414 1 4 4 4 4 4 4 4 . 4 4 4 4 444 ,44 ý4 41 1 4 4 4's 4 4 4 4 1 4 1 4 1 4

6 6 5 5 G O S L O 6 5 0 0 6 56 S b 0,• a 6 0g £6 6 t I5 5 6 A +; '> G6 6 1 ,5 6ig l•G- 6 C O £ 0 F '3. C Og O 6 S6 S • 5 6 6 G

MACDcONIJELL ALurO%4ArION COA4PAP1.'y

9 1 39 1 1 7 7 1 1 7 '1, 1 1 1 y I I I I I 9, 1 111 9 9 I 9 I 9 .99 ., 1 I 'l I I 1 9 1- 1 1 1
9 ~ ~ ~ ~ ~ ~ ~ I 3. 91 , '99a 999 99 11qqi3q9 9 39 .9 9? 9 .9 1, 19 9 9 9 ' 9 9 Al 1 g939q9 39 '

6.104-2



CARD NUMBER

COLUMN FORMATj DATA DIESIN

10 El0. Psition Transducer Gaini V/DEC,(

1120 E1.0 Sev aly Gain Constant

3
21-30 ElO.0 57.3/(Effective Lever Arm *Piston Area) DEC/IN

31-40 E10.0 Input 1st Order Lag Time Constant SEC

41-50 E FO.O

61-60 E1O.0

71-80 E10.0

EXAMPLE CARD

0 a 0 00(2030 003 0G0 30 0' 000 6 0 0a0 0100 00 0 0 00 00001 0000 0 0{ PC o- 0 a o0 n0 a0 ~ ~ iouaIo jr
i f I I ' I I , $4 1 3 1 ; 1, 1 1 l

7 2 2 2 2372 2 222 2~ 272 22 72 2!2 2 2 2 72 222227 22 22 2 22 72,2222 2 2 2ý 2 2 7 7M2 22'

3"333 1 3331333 3;33 330133 3;j3 3 33333 ;l 3 31 3 3 1 3 ,3 ý i 3, , 3 ; ' 3 ) ý ý ' i

4 44 A44 44 4444 1 4 414414 44 444 4 44 14 43414 4 44 C-44 1 441-4444 4 1 4 44 4 "4 44 4 4 4 1 4 1

A.4COC"J1ELL AU.TOM-)AAr/cN COMAPANY

: 1 I 1 11 4 1 a I0 0 I I I oil I I I A1 I4 I d 4I Al0aa4 a91 411 9 8 '¶ 7 7 4 1 88 6B B6

3 9 9 1 9 99 : I01 9 19 IIIIOIss 1lit9 1i 9ttu 9 1so9919

- I'-~6. 104-3



6.105 TYPE #105 THRUST VECTOR CONTROL ACTUATOR

Subroutine ACT105 models the shuttle Thrust Vector Control (TVC)

actuators, Figure 6.105-1. The TVC actuators operate from a single pair of

hydraulic supply and return lines. This supply and return is normally

supplied by the three hydraulic systems via a switching valve module as

shown in Figure 6.105-2. The input corinand and hinge moments are supplied

by a Guidance and Control subroutine which updates the values at each sample

time interval of the guidance system which is .04 seconds. The initial

position of the TVC actuator and the dynamic load on the actuator are

calculated from the initial command supplied by the Guidance and Control

subroutine. All other variables are initialized relative to the initial

actuator position.

6 .10 5-1
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CARD NUMBER I.

COLUMN FORIAT DATA

1-5 15 Component Numbei

6-10 .5 Type Number = 105 ,,

11-15 15 Number of Real Data Cards 2

16-20 15 Line Number (with sign) attached to Connection 1 (Primary)

21-25 15 Line Number (with sign) attached to Connection 2 (Primary)

26-30 15 Line Number (with sign) attached to Connection 3 (Standby #1)

31-35 15 Line Number (with sign) attached to Connection 4 (Standby #1)

36-40 i5 Line Number (with sign) attached to Connection 5 (Standby V12)

_41-45 15 Line Number (with sign) attachet to Connection 6 (Standby #2)
S46-50 15

•i51 -55 15

56-60 I5 Primary Hydraulic System No.

61-65 15 Standby #1 Hydraulic System No.

66-70 15

71-75 15

76-80 15 Temperature/Pressure Code (See Page 4.0-2)

EXAMPLE CARD

S h; 3 00 0 0 n O0 0 a 0 00 00 o o a 0 0 u'o a a G a o a 0 no a a a 0!0 n c0 ! a a n n oA a a 0o a 0o a o n a a
1 I 1'1 1 1 I I...... . 1 ?. I A I I 1 I 111 111111 I 11 II Ill I 1 1 II I I I A i I ,ii A A I A I

22,21'2i22)2222? ,2227222222,2.2722 222 ý222272222722222ý2'? 722222222422222ý222/222222?222

4 44 41 44 44 44 4 44 4444 44 4 444444 4144 4 1 4-4444 4'4 4ý4 4441 44 14'14 4444 444 1 1 44 14 4* • , .- ' "4 4 K , i: ', .4 47 .141 ;, 3'4. ,K ., ,, ,.4 ,'44,, , , ' . ,0 - .... ,' . . . . . ,4•

55 . 515 5 555555 5 55 555555555 5 5 515 5 5 1 b 5 5 5 55 5

a;~ 36666 6 56 6 6 6 CB'i 6 6 5616 6 5 62b 6 SIC C 6 6,6 66 66.5 666 6 E 6SP6 6 66 j6 6 5 666 66 6'6 66 6
MCDONNELL AuroMArION COMPANYI 1 1 1 I I 1 1 7 1 1 1 1 1: 7 7 1 1 1 1 1 7 1 7 7 1 1 1:1 17 1 ! 7 ' ? ; 7 I 7 7 " • • i ' 7 "

S6l 3,8 6 a 8 a 5 a8 d 1,] 8 a a 18 8 8 i a a d i 8 8 B 1 a •a a8 5, 8 4 3 8 4 ,

9 33 9 3 9 3 ,. 4 3"1 99 99 J 993 9999j 9 9 999,99! 919 99 9 9 ' 9 9 9 99 9 9 3S3 9 9!9 "19 33 7 .993939 9919 9
4 4 4 ., 77 * 4A 't ; I 7•4) II 17 1, A 4 It 44 ) 7 4! 47 4 4 ' .4 4 * 144 !1 6 A I. .t -

"6.105-4



*i CARD NUMBER 2

nT

COLUMN FORMAT DATA DIMENSIONS

1-10 E10.0 Number of Operative Channels

11-20 El0.0 Bernoulli Force Coefficient in

21-30 El0.0 Power Spool Flow Gain CIS/lb

31-40 E10.O Effective TVC Actuator Area in 2

41-50 EI0.0 Structural Stiffness lb/in

51-60 El0.0 Engine Moment of Inertia About Hinge Line in-lb-sec

.... lb-sec

61-70 E1O.0 Effective Engine Damping Coefficient in

in

71-80 E1O.0 Actuator Feedback Gain in-lb

nin

EXAMPLE CARD

-imm

00000 a O 0 00,0000 100 0 a a 00 0 O a a O lO -0 n 00 no a 00011000 0 g 2 0 0 0060 23 1 0 e G aU 6 090 00a
is1 I I 1 I15:11 1 1 I 1 I )I I1 Ii 11 I I I It I • I I I I I #'I 1 I t I I I 1'. I I I sI 1 I I hI I lIs1 I

22222 22222222222 ,P222222 ?122 22222 2,22 222 2'=1 2722122?72 22 2122 227•222 i2 ;27 212 22 72
II - -

I- I

•3I33 3 3 3333 3e3 33 33 333 1 3 3 3333,33 I3 33 333333 23 3 35 3311 3333 33 j33 3 3 :301 3

1 4 44 4ý4 4 1444 44 4 444 4 4414A4444 4 4 A4 444 4 :4444 4 14 44 4 4 4A44 4441LN4 4442 124 144444 4 ' 4 44 4: 4 444 4543 44 4 4 i

5 5 5 5 55 5 5 5 555 5 555 ,55, m 5 5 55 5 S5 55 55

666666 66i 66 6155G666 666 S' 66 6 06 66666r1 5656ý6 F 6 F66666 6666666 0 !6 f,66•66 5V 4 •,
4 UCOONP"ELL ALJTOllWATION COMPANY ' 4

I, 1 77 7 :1 1 1 1 7 1 7 7 7 7 1 7 7 '777 1: 717 1' 1 1T 1 1 il7l7 I, I I I I' Il I 1 7 7 1 7 1 1: : i ; I 1, 71 1• 1 1 I ' 77 i..

I1
ali l , of 18 1118l511 E I I II I all I I I I II I I aIl l I IF 'ii 8 a 8 0, _4 - _ -, o

399V911 1999 9 9 19! :9999 09919 11 9999 9M91: 9 299,l !9 1 199 91 999 999 9 919 9 9 99o••' q99 9

;1 4 6 6 4 3, 43.51 !Il 44 11: , 7 171' 34144 4 ; 74 11 1 12~9i 7'7 3 is7~7 : 11 V I' 474444 I 4S4 ' 4 14 1 51 It 46 34 is
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GARD NUMBER 3

COLUMN FORPMATI DATA DIMENSIONS

I0 EIO.O #i Cavity Voluire at Mid-stroke i in 3

_3 1
11-20 E10.0 #2 Cavity Volume at Mid-stroke in

21-30 EI0.O Power Spool Feedback Gain I nI _ ___ __ ___ ___ __ in

31--A/ E1O.0 1st Moment Arm Constant j in

41-50 IF 20. r nd Moment Armr Constant f(XL) I in/in

51-60 EIG.0 5rd 'roment Arm Constant F(x:L)2 in/in___

F1

71-70 E-IO.C

Note: All other actuator variables are inpht .ed as data in the TV;
subrout ie.

EXAMPLE CARD

w - - --. -,-' , ' . . --- --- --- , , -- _--"- -• -

|w

'. 4 ,'" , 4-44-,, , -4. -4., ~ ~ . .....'4 .4 ..74 -4 4' . .4 , . . . .
a o a o~ o'• ano n o a ao o,, o. l ~ oo C~ o O o o o noo o i• o0 o *•- o •' in n ,7oo 000,0o o

22 222 7 22 2222,221222227 2,2 1 2??2 2t 127 ? ?7?77 22 722 '2 2 2 1 21? 22 7 72 .72 7 2 2 322

3 333ýJ.33j73333 3;3 3 3 3 3 3 3 3 21 3 33 3 1 5 4'j 33 ' 31 34 333 3 3 33 1 .43 3

4A4 4 414444 4 11 41 4 44 444414 4 4 4:4 4 4 4j4 1 4 44 A.t4 A4,4 44 A44 4 R4 4! 1 4 44 44 4- 4 44 44 144 421 11 4 444 44
-4 .. I .4I 3 I 4 . 44. 4441 , , ,4 .

51 -4 4 - i -4 .. '1 5 55 5

(1 116 6 66G 5 i 6 616 6 6666 b56 6'S 6 66 616 6 6 4 S 66 06 6~ 66,6 6 66 66 C 6 S bCf S, b 6 b 6 6 6 b
MOVONN-L.L A4IWA,-44A-ION C0&4FANV 4

I,3 1 3' 1 31 3 11 7 147 1 1 J I I 7 ) - , 1 1 ? ,1 1 1 1 1

9,3 5 9 V 9 45 9 9 999 9999 9 9,9 9 9ii S 99 91: q 3 3 39 1 1 Ws 19743329,
-. I 4 -, ,' in. 1 413, 44 44 44: 3 4| |1 7 'I )1 41 42 11 1 4 1 41 311 4 0 3 4 " 1 -,

' - 6.105-6



6.106 TYPE #106 BODY FLAP

Subroutine ACT106 is a model of the space shuttle body flap actuation

subsystem, a schematic of which is shown in Figure 6.106--i. The subsysteil

basically consists of three hydraulic motors, a valve, a mechanical drive

unit and rotary surface actuators. The component has six hydraulic

connections, two for each hydraulic systemr. attached to it. Evch system powers

a motor. The output of the motors is summed in the mechanical drive which

in turn drives the rotary sirface actuators to position the body flap.

A single valve controls the flow to all three motors. The guid.nce

and control subroutine provides the input commands and hinge momeaits at each

sample time interval of the guidance system, which is .04 seconds. The

valve may be commanded to open in the extecnd direction, open iii the retract

direction or close.

The body flap subsystem is essentially an open loop system with n-(

feedback between the body flap and the valve. The pŽosition of the body flap

is supplied to the command and control subroutine which commands the position

of the valve.

6. 106-i
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CARD NUMBER 1

COLUMN FORMAT DATA

1-5 15 Component Number

6-10 15 Type Number = 106 . .

11-1.5 15 Number of Real Data Cards = 0

16-20 15 Line Number (with sign) attached to Connection 1

21-25 15 Line Number (with sign) attached to Connection 2

26-30 15 Line Number (with sign) attached to Connection 3

31-35 15 Line Number (with sign) attached to Connection 4

36-40 15 Line Number (with sign) attached to Connection 5

41-45 15 Line Number (with sign) attached to connection 6

46-50 15

51-55 15

56-60 15

61-65 15

r 66-70 15

71-75 15

76-80 15 Temperature/Pressure Code (See Page 4.0-2)

EXAMPLE CARD

ii fl ...' .3, . ..V' . 33 3 * 4 - . * ~....-

a a 0 a 01a 0 0m 1 0 0 00 & G 0000Ito on a cjoI a Itac oI a a a fiOU 00 20 00PI 000: 0 0 0N0 000 0C C 0000 00 0 00000 0 0 0 90 0 000 00
I 1 n1 , 1,1 n 1 I I 1 , I 1, I I I a I1 A I. , ,• O -11 -4 Ik 11 i: t k t 1 It 1 I 1 I 1 I

3331 '333 3333333:-333333333,'t 333 3 3 333 ' 333333333 33333,33 333- 3 33333 33',333

1 44 444 4 4 4 4 4 4 ,44 4 4 4 JA4 4 4 4 U44 44 4 444 4 4:,: 4. 1+. 4 4 4ý4 4 4 4 414 4 4 4 A 4q 4 4 d4A4 4 4 1 4'4 4444A1 '

5 ,515 SSSS 5+ 5 SSS S 5 5 55 5 5 5 5

MCDONNELL AtjTOM,,rioN COMP.4ANY , ,

I9 1' 1 1 1 V I 1 7 7 ' 1 7 1, 1 1 7
8m u 3 8 18A , + i 3 3. + 8 1 a+ =--+0 al, d , a Ol a a t I si 1 8 a 8 8 8 1 8 8 :88 p 6 a 8 ( a' B 8 8 8 B 818 B 0 68 0 8 ý 8 8 1 8 8 8J a 8 A +

l lOj 9 99919 , 9 9 , 9 99,1999 9 9 .9999 9999 ,999 q1 3 999,999.9 9 9 9999 It

-. 6. 106-3



6.107 TYPE #107 RUDDER/SPEEDBRAKE ACTUATOR

Subroutine ACT107 models the shuttle Rudder/Speedbrake actuation

subsystem, the layout of which is shown in Figure 6.107-1. The subsystem

consists of six hydraulic motors, two power valves and two 4 channel

servo actuators. Each system powers two motors, one for the rudder and

one for the speedbrake. The control valves are powered by a single system.

All three hydraulic systems power the motors and a switching valve selects

one of the three systems to supply the control valves. A single power

valve controls all three rudder motors and a single power valve controls

all three speedbrake motors. The rudder and speedbrake power valves

are each controlled by a 4 channel servo actuator.

The input command and hinge moments are supplied by a guidance and

control subroutine which updates the values at each sample time interval

of the guidance system which is .04 seconds.

Since the complete rudder/speedbrake system is contained in the ACT107

model, and since this model is unique to the shuttle, all the values

for the constants have been placed within the subroutine itself eliminating

the need for any input data.

60

6.107-1
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CARD NUMBER 1

COLUMN FORMAT DATa

i-5 15 Component Number

6-10 15 Type Number = 107

11-15 15 Number of Real Data Cards 0

21-20 15 Line Number (with sign) attached to Connection l(priry sys)
21-25 15 Line Number (with sign) attached to Connection 2(prinary sys)

_26-30 15 Line Number (with sign) attached to Connection 3(istardby sys #i

31-35 15 Line Number (with sign) attached to Connection 4(stardby sys #1

36-40 15 Line Number (with sign) attached to Connection 5(stardby sys #2)

41-45 15 Line Number (with sign) attached to Connection 6(stanr yss__#_

46-50 15 Primary System

51-55 I5 Standby System I

56-60 15 ,itcrndbv SvIstTn 2

S66-70 I5 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _71-75 15

7176-80 I5 Temperature/Pressure Code (See Page 4.0-2)

EXAMPLE CARD

i

0i a00000 0 0000 i, 0 G A 000 0iOO 0 0 0000 CIO 00 D 0 00 00 00 0 aO a C 9 000 0 0A 000 G0 000 0!0 00 •0
I I I :1,1•. I ! 22 n' 4 M I I 76 7: 16 If W 1 V 11} .' 1 I P 11 1 is I 4C , Ib4 41 ' As A A i'I t 1 11 , o

22?2 72 2 22222 2 2 2?,2222 272=2 7 22,20 222222 27222 2 227 2 2 22 2 22 2? 2? 2 2' 2 7 2 2 2 222222

"44444,4444444444,44444 i4444144 44 4444!-444 414 44 4144i444444 4'444444 44444444 444 s 44 44
Ii I~~ lA, I 'P.. T 1 11. , - I -, II , I ,U .I T T I -'

I 5I5,5!1J 5 555 5 555 5555 S 5

6i 5666,6561 1 66665 666 6 6 6 66 656 6 6 6 b 0 C LID jý6 6•, ;t , b 6 b 6 1b I 6 6 6 ib 6 6 L b 9666
"I CDONNELL. AUrQ"AATIoN COMPANY

S1 7 71 1 1 1~ 117 1 111 77 111 1 1~ 1 7 1 1 11 1j 1 1 I'll I I 11 III I I : 1 '2 2 71 i 7 1 1: 7 1 1 711 1 1 1 7 7" 1

9 9 999 9 9 99 9,9 9999, 9 9 1 9S, 9 9 9 9 99999 9 9 91999999 9 99 qIq 999 919 9 999 99 991'1 9999099 3 3 33
Is - )7 I I. .- I 4 1 4 1 9 t

'5107 -3
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7.0 SYSTEM ARRANGEMENT DATA

This section of input data is used to describe the system arrangement.

Having input the necessary information for all system lines and components,

one must now input the way in which these components and lines are inter-

connected.

Special Cases

If a leg is terminated by a constant pressure source, the constant pressure

has to be input along with the leg connection information. A current restriction

requires that only nodes with a single leg can have a constant pressure termina-

tion. A second restriction is that there must be at least one variable node.

Nodes should not be placed in the center of any component having a pressure loss

since each leg conr,.cted to the node will include the pressure drop of the

component.

Other component restrictions are as follows:

Valves - VALV22 can require anywhere from zero to 4 nodes depending upcn

the valve usage. The four-way and three-way versions of VALV22 are described as

follows:

SUPPLY SUPLY

CON #1 CON #1

CON #4. CON #2[ -'N #3 CON #3 CON #2

RETU~rm THREE-WAY

FOUR-WAY



The valve schematic should be established for steady state operation including

any interflow paths. A node is then required at every connection that splits

or merges flow (including interflow leakage) and at any connection that termi-

nates flow.

Actuators - Unbalanced actuators must include a node which is used to account

for any flow gain or loss in event the actuator is in motion during steady

state conditions.

Reservoirs -

o RSVR61 requires one node which should not be a constant pressure node.

o RSVR62 requires two nodes open ended (not connected by a leg). One

node is considered to be on the low pressure side with the other node considered

on the high pressure side.

7.1 GENERAL DATA

On this card input the number of nodes, the number of legs and the numbcr

of constant pressure points, the number of zero flow legs and the number of

-h t•.a c systems.

A zero flow leg is a dead ended line with no steady P.ate -low. The

pressiUre at tl-!- end of the le-, is determined by the steady state program.

S7.0-2
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GENERAL DATA CARL

COLUMN FORMAT DATA

1-5 15 Number of Nodes

6-10 15 Number of Legs

11-15 15 Number of Constant Pressure Points

16-20 15 Number of Zero Flow Lega

21-25 15 Number of Systems

26-30 15

31-35 15

36-40 15

41-45 15

46-50 15 ___________________________________ ___

51-55 15

56-60 15
I 61-65 15

66-70 15

71-75 15

76-80 15

EXA'MPLE CARDI.

7i !iil I I 2I I I WO I i O 111111111 1 11111O' V '.111 1

1. I 3 3 1 2 1 7ý3 : 1 3 M 'I 3 3 I3 . 1 1 : 1 7 ) 1 I " 1 I 3 3 3'

4 44a 44 4 4 , i 4 4 33 4 FI 4 I ! 44 4 1 4 N 'I s a 1 i'44 I t 1 14 ' 4 4,B 4 A 4 1 444 5 4 4'4 44 ; I4 4 A 8 4 4 44 a

•ICP •,'E&IAtiroA,44TION CC)&4-'aN'* v,

.I - --.9 99 9 9 9 99 9 19 9 S 3 ` 9 q 4 13" 1 9I 1 91 1 glq9 9914999 9 1 9 99 9 9 9~ 9! 9 999 q g9 1 ; 29,9

I. "-1AA I*'-A.....A A7.0-3...
S... .. .. ••, : " *.. ..• . . .. .. • .. .. : i : - . . . I - " : |' ' :: ' • :: ,• , ... 0,--



7.2 LEG INPUT DATA

Two or more cards are required to input the data for each leg. The first

card contains the leg number, upstream node number, downstream node number,

number of elements in the leg, initial flow guess, constant pressure at

upstream node if applicable and constant pressure at downstream node, if

applicable.

The second card or cards contains the leg connection details. Starting

with the component or line at the upstream node and progressing along the flo,

path to the downstream node, the element number and type are input, Because

of the mixture of lines and components, the need to differentiate between

the element numbering system is as follows:

First Pair of Data

First value >0 Component number

=0 Element is a line

Second value = *Component connection number or line number

"nUse upstream connection if the component has upstream and downstream connect

in the same leg.

This is repeated N times for the N elements in the leg.

7,
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CARD NUMBER 1

COLUMN FORMAT DATW DIMENS IONS

1-5 15 Leg 'lumber --

6-10 15 Upstream Noue Number --

11-15 I5 Downstvram Node Number --

16-20 15 Number of Liements in Leg -

21-30 EIO.O Initial Flow Guess I is

31-4C EIO.0 Constant PrEssure at Upstream Ncde I psi

41-30 EIO.0 Constant Pressure at Dc,mnstream Nodo I psi

51-60 EIO.O

t61-70 _10.0

71-80 EIO.0

EXAMPLE CARD

a00 a 0a 0: 000 0 000 00 O , 0 0 0 0 0 OO0 Cc cca 0 a 0 01 000 a a o o0 0 0 0 0S4., I11 4,., * !, -' ;I l• H IH I,-:, 2.l 2 2 i 2 2;e27 .7l
•' 'I , ~'1 4 1 4 I i l I I I I I I I I 1 1 1 1 I I I I 1 1 1 ,I I 1 1 I 1 1 ! I ' ,; 1

222 22222222 22 '222)221 222,22722'22222,2222? [27?

33 3 3 333 :3 33 3 3 3;3 P 3 2 3 1 3 3 • 3 3 33 3 31• 3 3 1 3 1 333 3 3 33 3 , 3 - 3 •3

444 44 4 -4 411 4 4 4! 4 441 4 4 4 4;4 4444 44 14A4 44 414 4 4 4 4.1 1444 1 4 4'" 1. 44 4 4 1 4 4,4 1 1 4
, I . . . -, . .. t i I , S, , l,

] Ii 3 ,. 1 1 1 II A ?C!O EL A•-)M rJ pC)• . 4 4'" ' al . ' II I1 ' ' ' II
I ' S

22 1 RIle1 8688 8 6 se a I'a £ aIIt 8 18 1 1 8 18 1 oil a 86 8 8' 411 e38 0 a P6 S

gig , g 9 11 9 . s, 9 9 9 9 9 q19 q 1 l I 9 1 9 9 ] 9 9 ', 1 9 1
7.0-'5 I . 4
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CARD NUMBER 2

COLUMN FORMAT DATA

1-5 15 Component Number or Zero if Line

6-10 15 Connection or Line Number

11-15 15 Repeat in Pairs for

16-20 15 fl- eNumber of Elements

21-25 I5 in a Leg - Use as Many

26-30 15 • Cards as Necessary

31-35 15

36-40 15

41-45 15

46-50 15 ....

51-55 15

56-60 15

61-65 I I5
66-70 15 .......

71-75 15 :_ _ __......-

76-80 15 j

EXAIMPLE CARD

*8I 1 ,1 It ! i 1 , 1 1 ý l t

3 j1 l 3 3 3 13 33 3 3 :. -

4 1 4441$444 1 1 4444 4 1 4 1 1 444 4 4444444 14 44 1144 4. 1 444 4 44 44

6 1 11 Fý 66 6 r 6 66JS666 b i 6 66 G G66 £ 6 56 6 6 6 C 6 66 6 i6
M.L07..1- 1 AU TOMAAA 7(;? COM' AN/PV Y

Ii ' i i: ; . 9 Sig j j I9 9S i 19 ý * 9I 519 9 9 i 9 1 3 ';39 99 :9 9 S'19;II1 59 99I

6 66 83 48 311183 14 .41 .11416868888

7.0-
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8.0 OUTPUT REQUIREMENTS DATA

The program will output in a print plot form, any calculated system

variable versus time. The time interval between plotted points is input

on the first general control card.

When using the print plot routine, it should be noted that 101 points

are the maximum that can be plotted on one page. When more than 101 points

are requested, the plot is continued on an additional page(s).

The line variables which can be selected are the pressares and flows

calculated for each line point. The component variables which can be selected

are listed in paragraph 8.2.

8.0-



PLOT DATA CARD

"COLUMN FORMAT DATA

1-5 15 Number of Line Plot Data Cards

6-10 15 Number of Component Variables to be Plotted

15 +I - Provides graphs that reflect all maximum values calculated

-15 -1 - Provides graphs that reflect all minimum values calculated

0 or - Provides graphs that reflect values calculated at

_ Default plot interval.s, only

16-20 15 +I - Provides a list of all calculated values in addition to

plots

0 or - Doeýs not provide a list of calculated values

Default

21-25 15 +1 Stops for a cavitation error

0 Does not stop

26-30 15 +1 - Prints cavitation error message

0 - No message

"31-35- 1 +15 - No graphs

_0 -Ncrm:l _raDhs_

I XAMPLLE CARD

P PP... . . .,. ,. . . . . .
0oaaaaoaaa 0 0!0 og~geO~~~aaao a alG00a a no 0 0 0n 010 a 0nn 02 V 03 0 6 o

}'/ ' I t l~ l I I I • I 1 1 i• i S l ,: I1 7 I,, Ij 1 n w I' 1, ý1 i, Iý I'. i 4W I I I 1 At Al C 6 I l l I 1 ,• 1 1 '.1 2, I I
7 2' 21122 27 2 22 2 27 2 22 ? 2 7 2 22• 1 '121 27277

3.3 .13 3 33 3333 3, 3" 33 3 ,33333333333 a,33 3113323 33 333 1 3 3 333 3 3 33333

44 4 4444 *4 4444 14 4 4 4 4 4 4 414 4 4 4 4 4 i 1 4 4 4 1 1 4 4 4 4A4 4 4 4 4 4 44 ¶ 4 4 4 4 4 A 44 4 4 4

6 6 6 661 56 65 C6 6666&6P6666b6i66616 5 6 5 , 6 5 , 6 5 I 6• : £ 6 C6 G 5b ,G 6 L ., bGil f,• FG,• • G , V,, Gji 6 6 [,i 6 6

A/CDO'•.,.-L AUroVATION .O'•1,A1VY

g 99 9 a 9 99 9,• 9.S 99 lqI 9:9 9 9 9 9 9 19,199: 99999 99 9999 99 9 39g 9 q 99999999:99 S9 9 9 99

8.0-2
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8.1 OUTPUT OF LINE VARIABLES

To ontput pressures and flowe at any of the calculated points along a

line, the line #, number of plots aloaig th~e linie, and distances ajon; that

line from the assumed upstream end have to be input. Unfortunately since the

speed of sound varies withi temperature, vCi line is not always divideci intc

the same number of segments.

Hence, when a distance along a lin~e is selected, it is unl~ikely to he a

junction point between linxe segments. The.program picks the nearest iunctiun

point and o'utputs or. the plot the d~stance of this junction from the uristr(-am

end of the line. The distance is input normally for a pres3ure p3.oL and as a

negative distence for a flow plot. NOTE: The number of cards used must equal

the number of "line plot data cards."

,,1 l
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LINE PLOT GARD

COLUMN FO}LMAT DATA ODIMENSIONS

1-5 15 Line Number I

S 6-10 15 Number of Plots Along the Line

11-20 1710,0 Distance Along Line for Ist Plot* in.

12.'- 3 0  F10.0 Ditto fot up to Seven Points in.

31-40 FJ).O 0

41-50 FiO.O

5t-60 Fl1.i)

161-70 Flu.O

17 -8 F 10

01i Itc'L iest ec grea•ter than zero

L;XAM"P LL: (:AM)

_ _ _-. -- 4 ~ _ _

' 1 0 2 0ý0 B a0 B 00 0 C!000 G 3 C 000 10 10 0 0 0 20 0 00 0 :00 6O 0 0o 0 0 0o 1 30 0 U E 2 3 B,0 !0 00 00 O a 0
I 1' 1 I 1 : 1 I 4' 1t I I

27?'. ""' 7 227222 22>2222 ?2 E ?7 ' ? 2 2 2 22 2 2 2 ,2 21 7 2722'U72 7 2 ,''2 2 2 22:72

I , I O tf .{ l•hIf/• M•,

3 ' 33 3" 2 ' 3 33 3 "3 3 33• 3 33 3 3 3 34 33 33 3 1 3 3 3 3 3 3 1 3 333 3 3 3 Y . 1 5 3 3 3 3

4 4 4~ i4 1R 4 44A44. ;4 41 4414 44 4 43 4 4 14 4 4 444 4 4414 4 44 4 444414. 4 4 4 4 414 .4

SI9

9 3 93 3 4S q• • i IS 5' 9 9 9 1 1 9 9991999 9!i 91 9 19 99 539 9999999999 9 99,9 S S
.•A 7, • " I 1 II ,' i 14 )1 )k ii it " 4' 41 , 11 49 4 . •, ' 4 .,,, 6• .'

8.i- 2 •



8.2 OUTPUT OF COMPONENT VARIABLES

The component variables to be output are selected from Tables

8.2-1 through 8.2-102.

The total number of component variables to be plotted should equal

the number of pairs of data on the following cards.

8.2-1



COMPONENT P~LOT CARD

COILUMlN FtoRMAT DATA

1-5 1 . Component Number Assigned

0-10 15 Variable Number to be Plot ted

I 1-1) 1,5 (This is repeatLed using addi tional cards,

16-20 15 ) if necessary, until it I component va,,riable.s

21-25 1L to be plotted have been l isted.)

26- 30 I5

31-35 V)

41-45 15

40-50 15

51-55 15

01-65 15

66-70 1 5

71-75 15
70(-80 1'

SXA•M t'lA CARD

00 0 0 al 00 010 0 00000 0 0 601 0 0 0 00a00 0' a 00 aa 101 20Qq ia103 o0ol I"n01f0

3 3 1 3113 1 '"3 2331331 '1331331 1 3 11 3 3!13 .. 3 1

6~~ is 6 5 52 S 'S0 F 2s s 66 S6 6 6 6fi5

1 1 Ila P11,"• I I I I a I I I I 1 8 1 !8 I R I 1 a A 6 8 Oil 8 8 1 R 1 8 8 1 a R 8 8 A = I-..... 1 8

3 9 9 9 -q93 gs939gg191Sq9999 l 1419919999999131 1' ' ,



TABLE 8.2-1l

BRANII
PROGRAMMED VARIABLE SELECTION

Number Name Description Dimension

.3
1i-- Cavatation Volume when in

Multiplied by Calculation
Time Interval

8.2-3



TABLE 8.2-22

VALV22
PROGRAMMED VARIABLE SELECTION

Number Name Description Dimension
.3

8 -- Cavatation Volume - in

When Multiplied by Calculation
Time Interval

I.
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TABLE 8.2-31

CVAL31
PROGRAMMED VARIABLE SELECTION

Number Name Description Dimension

4 VNEW Poppet Velocity in/sec
2

5 ANEW Poppet Acceleration in/sec

6 XNEW Poppet Position in.

82
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TABLE 8.2-51

PUMP51

PROGRAMMED VARIABLE SELECTION

Number Name Descripc-ion Units

7 PACTU Pressure in Actuator psi

i4 VELACT Compensator Actuator Velocity in/sec

15 DISACT Compensator Actuator Position in

15 DISVLV Compensator Valve Spool Displacement in

4 QACTU Flow from Outlet to the Actuator cis

25 QOUTLT Net Pumping Flow into Outlet Volume cis

5 QACTC Flow from Actuator to the Case cis

I PRPM Pump Speeo rpm

2 TORQUE Pump Torque in-lb

¥i(



TABLE 8.2-54

PUNP54
• PROGRAMMED VARIABLE SELECTION

Number Name Description Units
7 PACTU Pressure in Actuator 

psi

14 VELACT Compensator Actuator Velocity in/sec
15 DISACT Compensator Actuator Position in
16 DISVLV Compensator Valve Spool Displacement in
4 QACTU Flow from Outlet to the Actuator cis
25 QOUTLT Net Pumping Flow into Outlet Volume cis
5 QACTC Flow from Actuator to the Case cis
1 PRPM Pump Speed 

rpm
2 TORQUE Pump Torque 

in-lb

i,
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TABLE 8.2-62

RSVR62

PROGRAMMED VARIABLE SELECTION

Number Name Description Dimension

9 P2 Reservoir Pressure psi

1 QNET Net Reservoir Flow in 3/sec

10 DUM Reservoir Volume in 3

8. 1-8



TABLE 8.2-71

ACUM711
PROGRAMMED VARIABLE SELECTION

Number Name Description Dimension

4 PO Oil Pressure psi

PG Gas Pressure psi

8 IVOLO Oil Volume in3

8.2-9



TABLE 8.2-81

FILT81
PROGRAMMED VARIABLE SELECTION

Number Name DesriptionDimension

3 PRESSB Pressure Outside of Element psi

4 PRESSE Pressure Inside of Element psi

8.2-10



TABLE 8.2 - q9

CAD 99

PROGRAMMED VARIABLE SELECTION

Number Name Descrp it ion Dimension

3 Left Outlet Elevon Position deg

4 - Left Inbd Elevon Position deg

5 - Right Outbd Elevon Position deg

6 - Left Inbd Elevon Position deg

7 - Rudder Command (rate limited) deg

8 Speedbrake Command (rate limited) deg

1-3 Angle of attack deg

14 Sideslip angle deg

8,2-li
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TABLE 8.2-101

ACTI01
PROGRAMMED VARIABLE SELECTION

Number Name Description Dimension

5 ppi No. 1 Cylinder Pressure psi

6 PP2 No. 2 Cylinder Pressure psi

I X Piston Position in

2 VEL Piston Velocity in/sec

18 LOADEX External Load lb

3. -12



S-••. c " • -•,&< - .:q•''• • .-.• • • * "-;' .... • ' ." n . ..s... *-w ,t.e r,*ws"t¸" &It' , .... a .- , ,

TABLE 8.2-102

ACT102
PROGRAMMED VARIABLE SELECTION

Number Name Description Dimension

1 X Piston Position in.

2 VEL Piston Velocity in./sec

5 LOADEX External Load lb.

6 P1 No. J. Cylinder Pressure psi

7 P2 No. 2 Cylinder Pressure psi

6.2-13



'Table 8.2 - 106

ACT106
PROGRAMMED VARIABLE SELECTION

Number Name Description Dimension

VC Body Flap Command --

2-- Body Flap Position deg

9 VR[ Body Flap Motor Velocity rpm

i
, IN
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Table 8.2 - 107

ACT107
PROGRAMNED VARIABLE SELECTION

Number Name Description Dimension

1 VC Rudder command volts

2 VC+I Speedbrake command volts

8 RPOSL Left panel position deg

9 RPOSR Right panel position deg

12 VRT Rudder motor velocity rpm

13 VSBT Speedbrake motor velocity rpm

8, 5

B. 2-.



9.0 COMPUTER OUTPUT

The time history print plots of flow, pressure, and component state

variables form the basic output of the program. By the addition of simple write

statements, the output can also be vitten to files for storage and subsequent

processing or to the output for printing. Since there are so many ways of

handling the output informaticn, eech dependent on the user's local facilities,

it is pointless to discuss the details of how to transfer files, etc.

In looking at the time history plots, it is a mistake to think in terms

of a steady-state type response. The flow at one end of a line is often grossly

different from that at the other end due to the charge and discharge effects

that can occur. The user should also beware of inputting unrealistic rates

of valve opening and closure, since these can exaggerate any latent transient

problems.

In system design, the user should be on the lookout for transients due

to the sudden filling of closed end lines in both the pressure and return

systems. The user will soon become aware of what pro•!ems to look for, and the

experience gained in using HYTRAN will help in both the detailed analysis or

the intuitive approach to solving problems.

Figures 9.0-1 through 9.0-14 show output for the example system, Figure

3.0-1. Several iterations have been omitted in the calculated steady state

values (Figure 9.0-4) and only the first and last groups of calculated data

are shown. Pressure and flow plots are taken at vrarious points throughout

the system initially showing steady state conditions with only leakage flow

for .01 seconds.

9.0-1
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